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PREFACE. 


The  preparation  of  a  ^'  Text-Book  of  Mineralogy "  was  undertaken  in 
1868,  by  Prof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifth 
edition  of  the  System  of  Mineralogy.  The  state  of  his  health,  however, 
early  compelled  him  to  relinqnish  the  work,  and  he  was  not  able  subsequently 
to  resume  it  Finally,  after  the  lapse  of  seven  years,  the  editorship  of  the 
volume  was  placed  in  the  hands  of  the  writer,  who  has  endeavored  to  carry 
out  the  original  plan. 

The  work  is  intended  to  meet  the  requirements  of  class  instruction.  With 
this  end  in  view  the  Descriptive  part  has  been  made  subordinate  to  the 
more  important  subjects  embraced  under  Physical  Mineralogy. 

The  Cr}'stallography  is  presented  after  the  methods  of  Naumann ;  his 
system  being  most  easily  understood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  much  less  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System  has  accordingly  been 
added  in  the  Appendix.  The  chapter  on  the  Physical  Characters  of  Min- 
erals has  been  expanded  to  a  considerable  length,  but  not  more  than  was 
absolutely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still  fuller 
discussion  of  these  subjects  reference  may  be  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  in  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesCloizeaux. 

The  Descriptive  part  of  the  volume  is  an  abridgment  of  the  System  of 
Mineralogy,  and  to  that  work  the  student  is  referred  for  the  history  of  each 
species  and  a  complete  list  of  its  synonyms ;  for  an  enumeration  of  ob- 
served crystalline  planes,  and  their  angles ;  for  all  published  analyc 
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for  a  fuller  description  of  localities  and  methods  of  occnrre  ice,  and  altto  foi 
an  acconnt  of  many  species  of  uncertain  chamcter,  not  mentioned  in  the 
following  pages.  A  considerable  number  of  changes  and  additions,  how- 
ever, have  been  made  in  the  preparation  of  the  present  work,  made  neces- 
aary  by  the  progress  in  the  Science,  and  among  these  are  included  many 
new  species.  The  chemical  formulas  are  those  of  modern  Chemistry.  The 
new  edition  of  Kammelsberg's  SandbucA  der  Miiierdlchemie  has  been 
often  used  in  the  preparation  of  the  volame,  and  frequent  references  to  him 
will  be  found  in  the  text 

The  work  has  throughout  been  under  the  supervision  of  Prof.  Dana,  and 
all  the  proofs  have  passed  under  his  eye.  Acknowledgments  are  also  due 
to  Prof.  Q.  J.  Brush  and  Pix)f.  J.  P.  Oooke  for  friendly  advice  on  many 
points. 

PREFACE  TO  THE    REVISED    EDITION. 


In  this  Revised  Edition,  the  chief  additions  are  contained  in  four  sup- 
plementary chapters,  covering  about  fifty  pages.  Of  these,  two  are  devoted 
to  descriptions  of  new  instruments  and  methods  of  research  in  Crystallog- 
raphy and  Physical  Mineralogy;  and  the  others  to  brief  descriptions  of 
the  minerals  recently  announced,  and  a  concise  statement  of  important 
new  facts  in  regard  to  the  characters  or  occurrence  of  old  species.  A 
number  of  new  figures  are  introduced  in  illustration  of  these  subjects. 
The  work  has  been  repaged  ;  and  a  new  index,  much  more  complete  than 
the  former  one,  has  been  added. 

Nbw  Haven,  January,  1888. 
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Thb  Third  Kingdom  of  Nature,  the  Inorganic,  embraces  all  Bpccies  doI 
organized  by  living  growth.  Unlike  a  plant  or  animal,  an  inorganic  spe- 
cies is  a  simple  chemical  compound,  possessing  unity  of  chemical  and  physi- 
cal nature  throughout,  and  alike  in  essential  characters  through  all  divei-sity 
of  age  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  species  which  occur 
ready  fonned  in  or  about  the  earth.  It  is  tlierefore  but  a  fragment  of  the 
Science  of  Inorganic  nature,  and  it  owes  its  separ8.te  consideration  simply 
to  convenience. 

The  Inorganic  Oompoonds  are  formed  by  the  same  forces,  and  on  the  same  principles, 
whether  produced  in  the  laboratory  of  the  chemist  or  in  outdoor  nature,  and  are  strictly  no 
more  artificial  in  one  case  than  in  the  other.  Oalcinm  carbonate  of  the  chemical  laboratory 
is  in  every  character  the  same  identical  substance  with  calcium  carbonate,  or  calcite,  found 
in  the  rocks,  and  in  each  case  is  evolved  by  nature^s  operations.  There  is  hence  nothing 
whatever  in  the  character  of  mineral  species  that  entitles  them  to  constitute  a  separate 
division  in  the  natural  classification  of  Inoiganic  species. 

The  objects  of  Mineralogy  proper  are  three-fold  :  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  which  object  is  however  partly  accomplished  in  the  former  ;  3,  to 
make  known  the  modes  of  occurrence  and  associations  of  species,  and  their 
geographical  distribution. 

In  presenting  the  science  in  this  Text  Book,  the  following  order  is 
adoptenl : 

I.  Physioal  Mineralogy,  comprising  that  elementary  discussion  with 
regard  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
right  understanding  of  mineral  species,  and  their  distinctions. 

IL  Ohkmical  and  Determinative  Mineralogy,  presenting  briefly  the 
general  characters  of  species  considered  as  chemical  compounds,  also  giving 
uie  special  methods  of  distinguishing  species,  and  tables  constructed  for  this 
purpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  the 
blow-pipe. 

HI.  Desoripttvb  Mineralogy,  comprising  the  classification  and  descrip- 
tions of  species  and  their  varieties.  The  descriptions  include  the  physicaJ 
and  chemical  properties  of  the  most  common  and  important  of  the  mineralo, 
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with  some  account  also  of  their  association  and  geographical  distribution. 
The  rarer  species,  and  those  of  uncertain  composition,  are  only  very  briefly 
noticed. 

Bosidea  the  above,  theie  is  also  the  department  of  J&sonomic  Minei  alogy.  which  ie  not  heie 
indaded.  It  treats  of  the  uses  of  minenUs,  (1)  as  ores ;  (2)  in  jewelxj ;  and  (8)  in  the  ooarBer 
arts. 

The  following  subjects  connected  with  minerals  properly  pertain  to  Gkology :  1,  LitholO' 
gkaH  geohgy^  or  Lithology^  which  treats  of  minerals  as  constituents  of  rooks.  2,  Chemical 
ffeolofff,  which  considers  in  one  of  its  snbdiyisions  the  origin  of  minerals,  as  determined,  in 
the  hght  of  chenuatryy  by  the  associations  of  species,  the  alterations  which  species  are  liable 
to,  or  which  they  are  known  to  have  ondeigone,  and  the  general  nature,  origin,  and  changes 
of  the  earth's  rock  formations.  Under  chemical  geology,  the  department  which  considers 
especially  the  associations  of  species,  and  the  order  of  succession  in  such  associations,  has 
receiTed  the  special  name  of  the  parageneHt  of  minerals ;  while  the  origin  of  minerals  or 
looks  through  alteration,  is  called  metamorphism  or  psetMomorphum^  the  latter  term  being 
mtcioted  to  those  oases  in  which  the  aystaUine  form,  and  sometimes  also  the  deavage,  of 
A  miaenU  is  retainad  aftar  the  ohange. 


LITERATUKE. 

Por  a  catalogue  of  mineralogical  works,  and  of  periodicals,  and  transactions  of  Scientifio 
Societies  in  which  mineralogical  memoirs  have  been  and  are  published,  reference  is  made  to 
the  System  of  Mineralogy  (1868),  pp.  xxxv-xlv..  Appendix  II.  (1874),  and  Appendix  III. 
/iBS2).  The  following  works,  however,  deserve  to  be  mentioned,  as  they  will  be  found  use- 
ful as  books  of  reference. 

In  Cbtstallography  • 

Naunumn.  Lehrbuch  der  leinen  und  angewandten  Krystallographie.  2  vols.,  Svo. 
Leipzig.  1829. 

Naumann.    Anfangsgrflnde  der  Krystallographie.     2d  ed.,  292  pp.,  Svo.     Leipzig,  1854. 

Naumann,     Elemente  der  theoretischen  Krystallographie.     b83  pp.,  8vo.     Leipzig,  1856. 

Miller,    A  Treatise  on  Crystallography.     Cambridge,  1839. 

Grailich.    Lehrbuch  der  Rrystallographie  von  W.  H.  Miller.    328  pp.,  Svo.  Vienna,  1856. 

Kopp,    Einleitung  in  die  Krystallographie.     348  pp.,  Svo.     Braunschweig,  1862. 

Von  Lang,    Lehrbuch  der  Krystallographie.     858  pp.,  Svo.     Vienna,  1866. 

Quenstedt  Grundriss  der  bestimmenden  und  rechnenden  Krystallographie.  Tubingen, 
1873. 

Rose-Sadehech.  Elemente  der  Krystallo^phie.  2d  ed.,  vol.  i.,  181  pp.,^o.  Berlin, 
1873.     Vol.  ii.,  Angewandte  Krystallographie.     284  pp.,  Svo.     Berlin,  1876. 

Sehrauf.  Lehrbuch  der  Physikalischen  Mineralo^e.  Vol.  i.,  Krystallographie.  251 
pp.,  Svo.,  1866 ;  vol.  ii.,  Die  angewandte  Physik  der  Krystalle.     426  pp.     Vienna,  1868. 

Oroth.     Physikalische  Krystallographie.     527  pp.,  Svo.     Leipzig,  1876. 

Klein.    Einleitung  in  die  Krystallhirechnung:.     3915  pp.,  Svo.    Stuttgart,  1876. 

Mallard.     Traits  He  Cristallographie  g^ometrique  et  physique,  vol.  i.    Paris,  1876. 

Bauerman,  Text-Book  of  Systematic  Mineralogy.  Vol.  i.,  367  pp ,  12mo.  London, 
1881. 

Liebisch.     (Jeometrische  Krystallographie.     464  pp.,  Svo.     Leipzig,  1881. 

Tachermak,    Lehrbuch  der  Mineralogie.     Lief.  L,  II.,  pp.  1-308.     Vienna,  1881-82. 

In  Physical  Mineealooy  the  works  of  Sehrauf  (1868),  and  Groth  (1876),  and  Tachermak, 
titles  as  in  the  above  list,  lieferencu  is  also  maae  to  the  works  on  Physics,  mentioned  on 
p  160,  In  addition  to  thesj,  on  pp.  Ill,  122,  160,  167,  171, 190,  a  few  memoirs  of  especial 
importance  on  the  different  subjects  are  enumerated. 

In  Chemical  Mineralogy  :  Bammelaberg,. TLajidhuch  der  Mineralchemie,  2d  ed.,  Leipzig, 
1875.    In  Determinative  Mineralogy,  Brush,  New  York,  1878. 

In  Descriptive  Mineralogy  :  among  recent  works  those  of  Brooke  and  Miller  (2d  ed.  of 
Phillips'  Min.),  London,  1852;  Quenstedt,  3d  ed.,  Tilbingen,  1877;  Sehrauf y  Atlas  der 
Krystallformen,  Lief.  I.-V.,  1871-1878  ;  Oroth  (Tabellarische  Uebersicht  der  Mineralien, 
etc.),  2d  ed.,  1882;  v.  Kokseharof,  Materialien  zur  Mineralogie  Russlands,  vol.  i.,  1865, 
Tol.  viii.,  1881  ;  Dea  Claizeaux,  vol.  i.,  1862,  vol.  ii.,  Paris,  1874 ;  Dana,  System  of  Miner- 
alogy,  1868,  App.  I.,  1872,  App.  IL,  1874,  App.  IIL,  1882;  Blum,  4th  ed.,  1874;  Nau- 
mann-Zirkel,  11th  ed.,  1881. 

The  following  publications  are  devoted  particularly  to  Mineralogy  : 

Jahrbuch  fttr  Mineralogie  ;  G.  Leon  hard  and  H.  B.  Geinitz,  Edilors  ;  after  1879,  E.  W. 
Benecke,  C.  Klein,  and  H.  Rosenbusch. 

Mineralogische  Mittheilungen  ;  commenced  1872,  G.  Tschermak,  Editor  ;  since  1878, 
publishe<l  as  the  Mineral ogische  und  Petrographische  Mittheilun^n. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society  ;  London,  and  Truro, 
Cornwall.     Commenced  1875. 

Zeitschrift  fiir  Krystallographie  ;  P.  Groth.  Editor;  Leipzig.    Commenced  1876. 

Bulletin  de  la  Society  Mmeralogique  de  Prance.     Commenced  1878. 

ABBREVIATIONS. 

For  abbreviations  of  the  names  of  Mineralogical  works,  of  Journals,  publications  ol 
Scientific  Societies,  etc.,  see  System  Min.,  5th  ed.,  pp.  xxxv.-xlv.,  App.  III.,  p.  viii. 
The  following  abbreviations  are  used  in  the  Description  of  Species. 

B.B.  Before  the  Blowpipe  (p.  210).  Obs.  Observations  on  occurrence,  etc. 

Oomp.  Composition.  O.F.  Oxidizing  Flame  (p.  204). 

Z)i£L  Differences,  or  distinctive  characters.  Pyr.         Pyrognostics. 

G.  Specific  Gravity.  Q.  Ratio.  Quantivalent  Ratio  (p.  198). 

Germ.  German.  R.F.         Reducing  Flame  (p.  204). 

H.  Hardness.  Var.         Varieties. 

An  asterisk  (*),  appended  to  the  name  of  a  mineral  species  in  the  Descriptive  part  of  this 
work,  indicates  that  additional  facts  in  regard  to  it  are  mentioned  in  the  Supplementary 
Chapter,  pp.  420  to  440. 
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PHYSICAL    MINERALOGY. 


'Cbm  gnnd  departments  of  the  science  here  considereil  ai\^  tlio&^llowing: 
1.  Strtctcke.— Structore  in  Inorganic  nature  is  a  result  of  niath(M)uith 
eal  svmmetrv  in  the  action  of  cohesive  attraction.  The  forms  pi\h1«o<k1 
ape  regular  solids  called  crystal's  ;  whence  inorphoh'^v  is,  in  the  Inortfanivt 
kin^om,  called  crtstallolooy.  It  is  the  science  of  structure  in  this  kiuj^ 
dom  of  nature. 

2.  Physical  propertiks  of  Minerals,  or  those  def>endinsj  on  relations  to 
light,  heat,  electricity,  magnetism  ;  on  differences  as  to  density  or  S)>ocitio 
gravity,  hardness,  taste,  odor,  etc. 

CryBtallology  is  naturally  divided  into,  I.  Crystalloorapiit,  whicJi  treats 
of  the  forms  resulting  from  crystallizati«m;  II.  Crystalloid kny,  which  do* 
BcribeB  the  methods  of  making  crystals,  and  discusses  tlie  theories  of  tlieir 
origin.     Only  the  former  of  these  two  subjects  is  treated  of  in  this  work 


SECTION  I. 

CRYSTALLOGRAPHY. 

CrvBtallography  embraces  the  consideration  of — (1)  normally  formed  or 
regular  crystals ;  (2)  twin  or  coniiK)und  crystals ;  (3)  the  irregularities  of 
crystals  ;  (4)  crystalline  aggregates  ;  and  (5)  pseudomoi*phous  crystals. 

1.  General  Characters  of  Crystals. 

(1)  ^eternal  form, — Crystals  are  bounded  by  plane  surfaces^ 
called  simply  planes  or  faces,  symmetrically  arranged  in  refer- 
ence to  one  or  more  diametral  lines  called  axes.  In  the  an- 
nexed fiffure  the  planes  1  and  the  planes  i  are  symmetrically 
arrangeawith  reference  to  the  vertical  axis  c  c?  /  and  also  the 
planes  of  each  kind  with  reference  to  tlio  three  transverse  axes, 

(2)  Oonstancy  of  angle  in  t/iesam^  spccuiH, — The  cryrfla'^  tf 
any  species  are  essentially  constant  in  the  angle  of  inclinaiici 
between  like  planes.     The  angle  between   1  and  i,  in  a  giv//?i 
species^  is  always  essentially  the  same,  wherever  the  crystal  is  found,  and 
whether  a  product  of  nature  or  of  the  laboratory. 
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(•i)  Diference  of  angle  of  different,  apeai^. — The  crvBtalsof  diffareiit 
Bpncles  commonly  differ  in  aiislcs  between  corresponding  planes.  The 
angles  of  cryBtalaare  conBeqnently  a  means  of  distinguishing  tpei^ies. 

(4)  Diversity  of  planes. — While  in  the  crjetaU  ot  a  given  species  there 
is  oonsiancy  of  angle  between  like  planes,  the  fonoe  of  the  crystals  may  be 
ezoeedingly  diverse.     The  accompanying  figures  are  examples  of  a  few  of 


the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the  num1>er  of 
forms  whicli  may  occnr  ;  yet  for  each  the  angles  between  like  planes  Are 
essentially  coostanL 

OiTitala  oocht  of  nil  inzea,  from  the  meiest  microBOOpic  point  to  a,  yard  or  more  in  diame- 
ter. A  tiitg'le  cT7»t  '  jf  qnarti,  now  at  Milan,  is  three  and  a  quarter  feet  loi^.  and  five  and  a 
half  in  cIniainfeteuljE  ;  and  its  weight  is  estimated  at  eight  bnndred  and  Mventj  poand<<. 
A  single  oarit;  la  a  vein  of  qnarli  near  the  Tiefen  OLacier,  in  SwitieFJand.  digcovered  io 
ISflT.  faoa  afforded  amok;  qnarti  crjstaln  vrciKhing  in  the  aggregate  aboat  20,000  paands  ;  n 
eonBiderable  number  of  the  single  cryatalH  having  a  weight  of  200  to  t50  pounds,  or  even 
more.  One  of  Che  gigimtio  beryls  &om  Acwortb.  New  Hampshire,  meiiBarea  four  feet  iii 
length,  and  two  and  a  holt  io  oircumference;  and  another,  at  Qrafton,  is  over  four  feet  long, 
and  thirt;-two  inuhes  in  one  of  its  dianiel«ra,  and  does  not  weigh  less  than  two  and  a  h^( 
tons.     But  the  highest  perfection  of  form  and  transparency  are  found  only  in  crystals  of 

In  its  original  signlQcation  the  term  eiyital  was  applied  only  to  cr;atsls  of  quarts  (f.  1 ), 
which  the  ancient  philooophen  believed  to  be  viaUr  congealed  by  intense  cold.  Hence  the 
tenn,  from  npiirrawat,  iee. 

(5)  Symmetry  in  tlie  pontion  of  planes. — The  pianos  on  the  ci-ystals 
of  any  species,  however  nnmertuis,  are  arranged  in  accoi-dance  with  certain 
laws  (if  syiniiietry  and  numerical  ratio.  If  one  of  the  simpler  forms  be 
taken  as  a  primary  or  fundamental  foj-m,  all  other  planes  will  be  secondair 
planes,  or  modifications  of  the  fundamental  form.  It  should  be  observed, 
howevei",  that  the  forms  called  primary  and  fundamental  in  crystallogniphic 
description,  are  iu  general  merelj-  so  by  assumption  and  for  convcnienc^fl 
of  reference.    (See  also  p.  12.) 

Cleavage. — Besides  external  symnietiy  of  form,  crystal!  zation  pniduces 
also  regularity  of  iiitorual  structure,  and  often  of  fracture.  This  regular 
ity  of  fracture,  or  ietidency  to  break  or  cleave  along  certain  planes,  is  called 
deava^e.  Tho  surface  afforded  by  cleavage  is  often  smooth  and  brilliant. 
The  directions  of  cleavage  are  those  of  least  cohosivo  force  in  a  crystal  ;  it 
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iR  net  to  be  nndei'st<v>cl  that  the  cleavage  lainelte  ai'e  in  any  sense  preeeut 
iHjfore  they  arc  made  to  appear  hy  fracture. 

In  regard  to  cleavage,  two  principles  may  be  hei'e  stated  : — {a)  In  any 
species,  the  direction  in  which  cleavage  takes  place  is  always  parallel  to 
Borae  plane  which  either  actually  occui*s  in  the  crystals  or  may  exist  there 
in  accordance  with  the  general  laws  which  will  be  stated  hereafter. 

(A)  Cleavage  is  uniform  as  to  ease  parallel  to  all  like  planes  ;  that  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (as  1, 1. 1),  it  may  be  ol 
tained  with  equal  facility  parallel  to  each  of  the  other  planes  1  ;  and  will 
aflford  planes  of  like  lustre.  This  is  in  accoi'dance  with  the  symmetry  of 
crystallization.  It  will  be  evident  from  this  that  the  angles  between  planes 
of  like  cleavage  will  be  constant :  thus,  a  mass  of  calcite  under  the  blow  of 
a  hammer  will  separate  into  countless  rhombohedrons,  each  of  which  affords 
on  measurement  the  angles  74°  55'  and  105°  5'.  In  a  shapeless  mass  of 
marble  the  minute  gmins  have  the  same  regularity  of  clea%'age  structure. 
See  further,  p.  119. 

2.  Descriptions  of  some  of  tuk  snrpi.ER  forms  of  Cry8tai,s. 

Pbelihinabt  DEFrniTiONS.  Angles, — In  the  descriptions  of  crystals  three 
kinds  of  angles  may  come  under  considemtion,  sohd^plans^  and  interfor 
cial.    The  last  are  the  inclinations  l>etween  the  faces  or  planes  of  crystals. 

Axes, — The  crt/stallographic  axe^  a!*e  imaginar}^  lines  passing  through 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  by 
reference  to  them,  the  relative  positions  of  the  different  planc«?.  One  of 
the  axes  is  called  the  verticaly  &nd  the  others  the  lateral;  the  number  of 
lateral  axes  is  either  two  or.  three.  The  axes  have  essentially  the  same  ro- 
tative lengths  in  all  the  crystals  of  a  species;  but  those  of  different  species 
often  differ  widely 

Diatnetral  planes. — The  planes  in  which  any  two  axes  lie  are  called  the 
axial  or  diaraetral  planes  or  sections;  they  are  the  coordinate  planes  of  an- 
alytical geometry.  They  divide  the  space  about  the  centre  into  sectants; 
into  eight  sectants,  called  octants^  if  there  are  but  two  lateral  axes,  as  is 
generally  the  case  ;  but  into  twelve  sectanta  if  tliei-e  are  three,  as  in  hexa- 
goiial  crystalline  forms. 

Diagonal  plaives  are  either  diagonal  to  the  three  axes,  as  those  through 
the  centre  connecting  diagonally  opposite  solid  angles  of  a  cube,  oi  diag- 
onal to  two  axes,  and  passing  through  the  third,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Similar  planes  and  edges  are  such  as  are  similar  in  position,  and  of  like 
angles  with  reference  to  the  axes  or  axial  planes.  Moreover,  in  the  case  of 
similar  edges,  the  two  planes  by  whose  intereection  the  edges  are  formed, 
meet  at  the  same  angle  of  inclination.  For  exiun]>le,  all  the  planes  and 
edges  of  the  tetrahedron  (f.  0),  regular  octahedron  (f.  11),  cube  (f.  14), 
rhombic  dodecahedron  (f.  19),  are  similar.  In  the  rliombohedron  ^f.  16) 
there  are  two  sets  of  similar  edges,  six  being  obtuse  and  six  acute. 

Solid  angles  are  similar  when  alike  in  plane  angles  each  for  each,  and 
when  formed  by  the  meeting  of  planes  of  the  same  Kind. 

A  combination-edge  is  the  edge  formed  by  tlie  meeting  or  interseotion  of 
two  planes. 
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TnincationSy  bevdinents, — In  a  crystal,  an  edge  or  angle  \i  said  to  be  ro- 
placed  when  the  place  of  the  edge  or  angle  is  occupitid  bj  one  or  more 
planes ;  and  in  the  case  of  the  replacement  of  an  edge,  the  rrplacing 
planes  make  parallel  intersections  with  the  including  planes,  that  is,  with 
the  direction  of  the  replaced  edge  (f.  43). 

A  replacement  of  an  edge  or  angle  is  a  truncation  when  the  replacing 
plane  makes  equal  angles  with  the  including  planes.  Thus,  in  f.  6,  i-t 
truncates  the  edge  between  /  and  I, 

An  edge  is  said  to  be  bevelled  "when  it  is  replaced  by  two  similar  planes, 
that  is,  by  planes  having  like  inclinations  to  the  adjoining  planes.  Thus, 
in  f .  5,  the  edge  between  3, 3,  is  bevelled  by  the  two  planes  3-3, 3-3,  the  right 
3-3  and  3  having  the  same  mutual  inclination  as  the  left  3-3  and  3.  So, 
in  f.  192,  p.  43,  the  edge  between  /and  /is  bevelled  by  the  planes  i-2,  i-2. 
Truncations  and  bevelraents  of  edges  take  place  only  between  similar 
planes.  Thus  /,  /,  and  3,  3,  are  similar  planes  in  fig.  5.  The  edge  iji  might 
be  truncated  or  bevelled,  for  the  same  reason  ;  but  not  the  edge  between  1 
and  /,  since  1  and  /  are  dissimilar  planes. 

A  zone  is  a  series  of  planes  in  which  the  combinatiwi-edffes  or  mutual 
intersections  slto  j[}aralleL  Thus,  in  fig.  3,  the  planes  1,  3,  /  make  a  vertical 
zone;  so  in  f.  8,  the  planes  between  1  and  i-i  make  a  zone,  and  this  zone 
actually  continues  above  and  below,  around  the  crystal ;  in  f.  5,  the  planes 
3,  3-3,  3-3,  3  are  in  one  zone  ;  and  i-i,  I,  i-i,  /,  in  another.  On  the  true 
meaning  of  zones,  see  p.  53. 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forms 
of  all  cryBtals. 

A.  —  Forms  contained  under  four 

*  ^^  EQUAL   TRIANGULAR     PLANES. — A.  JicgU- 

lar  tetrahedron  (f.  D).    Edges  six;  solid 
angles  four.     Faces   equilateral  trian- 

fles,  and  plane  angles  therefore  60°. 
nterfacial  angles  70°  31'  44''.  Named 
from  T€T/)a#ct9,  four  tiinea,  and  ISpa, 
fa^ce 

2.  Sphenoid  (f .  10).  Faces  isosceles  triangles,  not  equilateral.  Plane  and 
interfacial  angles  varying ;  the  latter  of  two  kinds,  {a)  two  terminal,  {b)  four 
lateral.    Named  from  (r^rjv,  a  wedge, 

B. — Forms  contained  under  eiout  triangular  planes. — The  solids 
here  included  are  called  octahedrons,  from  o/craxtf;,  eight  times,  and  eSpa, 
face.  They  have  twelve  edges ;  and  six  solid  angles.  One  of  the  axes, 
when  they  diflfer  in  lenffth,  is  made  tlie  vertical  axis;  and  the  othei-s  are 
the  lateral  axes.  The  solid  an^es  at  the  extremities  of  the  vertical  axes  are 
the  vertical  or  terminal  solid  angles ;  the  other  fonr  are  the  lateral.  The 
four  edges  meeting  in  the  apex  of  the  terminal  solid  angle  are  the  terminal 
edges ;  the  others,  the  lateral  or  ba-sal  edges. 

1.  Regular  Octahedron  (^A\).  Faces  equilateral  triangles.  Interfacial 
angles  109°  28'  16" ;  angle  between  the  planes  over  the  apex  of  a  solid 
angle  70^  31'  44" ;  angle  between  edges  over  a  solid  angle  90°.  The  three 
axes  are  equal,  and  hence  either  may  he  made  the  vertical.  Lines  connect- 
'\i^  the  centres  of  opposite  faces  aj-o  called  the  octahedral  or  trigonal  inter 
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axes  ;  and  those  connecting  the  centres  of  opposite  edges  tlie  dadecahedrai 
or  rhombic  irUeraxes. 

2.  Sqtkire  Octahedron  (f.  12,  f.  12a).  Faces  eqnal  isosceles  triangles, 
not  equilateral.  Tlie  f oar  terminal  edges  are  eqnal  and  similar ;  and  so 
also  the  four  lateraL 


12a 


The  lateral  axes  are  eqxud ;  the  vertical  axis  may  be  longer  or  shorter 
than  the  lateral. 

3.  The  rhojtibic  octahedron  (f.  13)  diflFers  from  the  sqnare  octahedron  in 
having  a  rhombic  base,  and  consequently  the  three  axes  are  unequal.  The 
basal  edges  are  equal  and  similar  ;  but,  owing  to  the  unequal  lengths  of 
the  lateral  axes,  the  terminal  edges  are  of  two  kinds,  two  being  shorter 
and  more  obtuse  than  the  other  two. 

0. — Forms  contained  under  six  equal  planes. — The  forms  here  in- 
cluded have  the  planes  parallelograms  ;  the  edges  are  twelve  in  number 
«nd  equal ;  the  solid  angles  eight. 

1.  thihe  (f .  14).  Faces  equal  squares,  and  plane  angles  therefore  90**. 
'flie  twelve  edges  similar  as  well  as  eqnal ;  the  eight  soliaangles  similar  and 
equal.  Interfacial  angles  90*".  The  three  axes  equal  and  intersecting  at 
riffht  angles. 

Lines  connecting  the  apices  of  the  solid  angles  are  the  octahedral  or  tri^ 
gonal  tnteraxes,  and  those  connectiiig  the  centres  of  opposite  edges  the 
dodecahedral  or  rhombic  interaaes.    fi  the  cubic  axis  (=edge  of  the  cube) 

=1,  then  the  dodecahedral  interaxes  =  ^2  =1.41421 ;  and  the  octahedral 

interazes  =  ^8  =  1.73205.    And  if  the  dodecahedral  axis  =  1,  then  the 
octahedral  =  1.224745. 
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If  »  eabe  is  placed  with  the  apex  of  one  angle  verticallj  over  that  diagonally  opposite,  that 
ti^  wilh  an  octahedral  intexaxis  vertical,  the  parts  are  aU  sjmmetricaUj  arranged  around 
tiria  vertical  axis.  In  this  position  (f.  15)  the  cube  has  three  planes  inclined  toward  one  apex, 
mad  three  toward  the  otiier  ;  it  has  three  terminal  edges  meeting  at  each  apex  ;  and  six  laU' 
ral  edges  sitoated  symmetricaUj,  bat  in  a  zigzag,  around  the  vertical  axis.  If  lines  are 
dxmwn  connecting  the  centres  of  Uie  opposite  laterad  edges,  and  these  are  taken  as  the  lateral 
axes,  the  lateral  axes,  three  in  number.  wiU  lie  in  a  plane  at  right  angles  to  the  vertical,  and 
wiQ  intemect  at  the  centre  at  angles  of  60^.  Thecnbe  placed  in  this  position  would  then  have 
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one  Tertical  and  three  equal  lateral  axes  ;   and  as  the  lateral  azds  oorrespoud  to  the  dodco 
hedral  interaxes  of  a  cube,  the  ratio  of  a  lateral  axis  to  the  vertioal  is  1 :  1.224745. 
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2.  Ithomhohedron  (f.  16  to  18).  Faces  equal  rhombs.  The  twelve  edg< 
of  two  kinds ;  six  obtuse,  and  six  acute.  Solid  angles  of  two  kinds  ;  tT« 
symmetrical,  consisting  each  of  tliree  equal  plane  angles ;  the  other  six  ui 
symmetrical,  the  plane  angles  enclosing  them  being  of  two  kinds. 

The  rhouibohearon  resembles  a  cube  that  has  been  either  shortened,  k 
lengthened,  in  the  direction  of  one  of  the  octahedi-al  axes,  the  former  mal 
ina  an  obtuse  rhorabohedron,  the  latter  an  acute;  and  it  is  in  position  wht 
thib  axis  is  vertical,  the  parts  being  situated  symmetrically  about  this  axi 
as  in  the  second  position  of  tlie  cube  above  described.  In  an  obtuse  rhon 
bohedron  (f.  16, 17),  the  terminal  solid  angles  are  bounded  by  three  obtui 
plane  angles,  and  the  other  six,  which  are  tJie  lateral,  by  two  acute  and  or 
obtuse  ;  the  six  terminal  edges  (three  meeting  at  each  apexj  are  obtuse,  ar 
the  six  lateral  edges  are  acute.  Convereely,  in  an  acute  rnombohedron  ( 
IS)  the  tenninal  angles  are  made  up  of  acute  plane  angles,  and  the  later 
of  two  obtuse  and  one  acute ;  the  six  terminal  edges  are  acute,  and  the  si 
lateral  obtuse.  The  axes  are  a  vertical,  and  three  lateral ;  the  lateral  ax( 
connect  the  centres  of  opposite  lateral  edges  and  intersect  at  angles  of  60 
The  cube  in  the  second  position  (f.  15)  corresponds  to  a  rhombohedix 
of  90°,  or  is  intermediate  between  the  obtuse  and  the  acute  series. 

D. — Forms  contained  under  twelve  equal  planes. 

RhontMc  Dodecah^ron  (f.  19).     Faces  rhombs,  with  tl 

plane  angles  109°  28'  16",  70°  31'  44".      Edges  twenty-fou 

all  similar;   interfacial  angle  over  each  edge  120°.     Soli 

angles  of  two  kinds  :  {a)  six  acute  tetrahedral,  being  forme 

of  four  acute  plane   angles;  and   (J)  eight  obtuse  trihedra 

being  formed  of  three  obtuse  plane  angles.     Angle  betwec 

planes  over  apex  of  tetrahedral  solid  ^ngle,  90° ;  angle  betwec 

edges  over  the  same  109°  28'  16".     The  axes  three,  eqiia 

rectangular,  and  therefore  identical  with  those  of  the  regular  octahearc 

and  cube.     The  dodec^hedral  interaxes  connect  the  centres  of  opposi 

faces  ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles.    JSamc 

from  BcoBeKa  twelve^  and  eSpa,  face. 

2.  Pyramidal  dodecahedron^  or  Quartzoid.  (CalU 
also  Dihexagonal  Pyramid,  Isosceles  Dodecahedror 
Fact*8  isosceles  triangles,  and  armnged  in  two  pyramid 
placed  base  to  base  (t.  20).  Edges  of  two  kinds:  twel^ 
equal  terminal^  and  six  equal  basal f  axes,  a  vertical  diflfe 
ing  in  length  in  different  species;  and  three  lateral,  equi 
situated  in  a  plane  at  right  angles  to  the  vertical,  and  i 
tersecting  one  another  at  angles  of  60°,  as  in  the  rhomb 
hedron. 

E. — Prisms. — Prismatic  forms  consist  of  at  least  two  s€ 
of  planes,  the  basal  planes  being  unlike  the  lateral.  The  bases  are  alwa; 
eqnal ;  and  the  lateral  planes  parallelograms.  The  vertical  axis  is  unequ 
to  the  lateral,  (a)  Three-sided  prism,  A  right  (or  erect)  prism,  havii 
its  bases  equal  equilateral  triangles,  {b)  Four-sided  prisms.  Four  sid( 
prisms  are  either  right  (erect),  or  oblique,  the  former  having  the  vertical  an 
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St  right  angle*  to  the  base  or  to  the  plane  of  the  lateral  a^es,  and  the  lattot 
oblimie. 

].  Sqwire  or  Tetragonal  I'rism  (f.  21,  221.  Base  a  square;  lateral 
i)lanee  eqiiBl.  Edges  of  two  kinds  ;  (a)  eight  basal,  equal,  each  contained 
between  the  base  and  a  lateral  plane  ;  (6)  fonr  lateral,  contained  between  the 
equal  latcml  planes.  Interfacial  angles  all  .90",  plane  angles  90".  Solid 
an^lea  eight,  of  one  kind.  Axes  :  a  vertical,  diffenn^  in  length  in  different 
specios,  and  longer  or  shorter  than  the  lateral;  two  lateral,  equal,  at  right 
»ii"le8  to  one  ano^ier  and  to  the  vertical,  and  conneotingeither  the  centres 
i>f  "opposite  lateral  planes  (f.  21)  or  edges  (f.  2aj.  The  cnbe  is  a  square 
prism  with  tlie  vertical  axis  equal  to  the  lateral. 


..^1       l"    ,--■ 


2.  Right  RhomMc  Prism  (f.  23).  Base  a  rhomb  ;  lateral  planes  eqnal 
parallehwrains.  Edges  of  three  kinds  :  (a)  eight  basal,  eqnal,  and  rectan- 
gular as  m  the  preceding  form  ;  (J)  two  lateral,  obtuse ;  and  (c)  two  lateral, 
acnte.  Solid  angles  of  two  kinds  :  (o)  obtuse  at  the  extremities  of  the  ob 
tnae  edge,  and  (JA  acute  at  tho  extremities  of  the  acute  edge.  Axes  rect- 
Angular,  unequal ;  a  vertical ;  a  longer  lateral,  the  macrodiagonal  axis 
(named  from  'iMKpo<;,  large),  and  a  shorter  lateral,  tlie  brachydiagoiial  axis 
(named  from  fipayix;,  ahon). 

3.  Right  Rectangular  Priam  (f.  24).  Base  a  rectangle,  and  in  conse- 
quence of  its  unequal  sides,  two  opposite  lateral  planes  of  the  prism  are 
broader  than  the  other  two.  Edges  all  rectangular,  but  of  three  kinds  : 
(a)  four  longer  basal ;  (S)  four  shorter  basal  ;  (c)  four  lateral.  Axes  con- 
necting the  centres  of  opposite  faces,  rectangular,  unequal;  a  vertical,  a 
maarodi agonal,  and  a  brachjdiagonal,  being  like  those  of  the  right  rhom- 
bic prism.  In  the  rectangular  prism,  either  of  the  faces  may  he  made  tlie 
basal,  and  either  axis,  consequently,  the  vertical. 

4.  Ohlique  Prisms.  Figs.  25  and  26  represent  prisms  oblique  in  the 
diieutlon  of  one  axis.  As  seen  in  them,  the  vertical  axis  c  is  oblique  to  the 
lateral  axis  d,  called  the  clinodiagonal  axis  ;  but  b,  tlie  orthodiagonal  axis, 
is  at  right  angles  to  both  c  and  a.  Similarly,  the  axial  sections  c&,  ha  are 
matnally  oblique  in  their  inclinations,  while  ca,  A  and  &i,  ha  are  at  right 
angles.  The  clinodiagonal  section  ca  is  called  the  section  or  plane  of  sym- 
metry. 

The  form  in  f.  25  is  sometimes  called  B.n  oblique  rhombv:  prism.  The 
edges  are  of  two  kinds  as  to  length,  but  of  four  kinds  as  to  interfacial  angles 
over  them ;  {a)  four  basal  obtuse ;  {b)  four  basal  acute  ;  (c)  two  lateral  ob- 
tuse :  (i£)  two  lateral  acute.  The  prism  is  in  position  when  placed  with  the 
vlinodtagtmal  section  vertical. 

Figs.  27  and  28  show  the  doubly  oblique,  or  oblique  rliomhoidal  prism, 
in  which  all  the  axes,  and  hence  all  the  axial  sections,  are  oblique  to  each 
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other.     All  these  cases  will 
■ctual  crystalline  forms. 


further  attention  iu  tbe  deecriptiou  ol 


* 


The  jpriama  (in  f.  21,  34,  26,  28)  in  which  the  planes  are  parallel  to  thn 
three  diametral  sections,  are  BometimeB  called  diametral  prisms.  This 
term  also  evidently  inclndes  the  cube.  The  planes  which  form  these 
diametral  prisms  arc  often  called  pinacoida.  The  terminal  plane  is  the 
basal  pinacoid,  or  simply  base ;  also,  in  f.  24  the  plane  (lotterea  «-l)  parallel 
to  the  macrodiagonal  section  is  called  the  macropinacoid,  and  the  plane  (^-Q 
parallel  to  the  brachjdiagonal  thehraehyptnacoid.  In  f.  26  the  plane  (i^ 
parallel  the  to  orttiodiagonul  section  is  called  the  orthopinacoid,  and  the 
plane  (i-l)  parallel  to  the  clinodiagonal  section  tbe  chnopinacoid.  The 
votA  jpinacoid  is  from  the  Greek  wSof,  a  board. 

(c),  Six-siDKD  Pbism. — Ths  BexagontUpriam. 
Base  an  equilateral  hexagon.  Edges  of  two 
kinds :  (a)  twelve  basal,  equal  and  similar,  (b)  six 
lateral,  'equal  and  similar;  interfacial  angle 
J  over  the  former  90°,  over  the  latter  120°.  Solid 
angles,  ttvelve,  similar.  Axes:  a  vertical,  of 
,  l-i  .        different  length  in  different  species;  three  late- 

1 '^    ral  equal,  inlei-secting  at  angles  of  60°,  as  in  the 

rbombohedron,  and  the  dihexagonal  pyramid  oi 

?[uartzoid,  connecting  the  centres  eitlier  of  the  latei-al  edges  (f.  29),  or  lateral 
ace8(f.  30). 

3.  Ststeus  of  Cbtstallizatiom. 

The  systems  of  crystallization  are  based  on  the  mathematical  relations  of 
the  forms  ;  the  axes  are  lines  assumed  iu  order  to  exhibit  these  relatione, 
they  mark  the  degree  of  symmetry  which  belongs  to  each  group  of  forms, 
and  which  is  in  ^ct  the  fundamental  distinction  between  tliem.  The  num- 
ber of  axes,  as  lias  been  stated,  is  either  i/iree  or  /bur — the  nmnljer  being 
four  when  tliere  are  three  lateral  axes,  as  occurs  only  in  hexfuronal  forma. 

Among  the  forms  witli  thi-ee  axes,  all  possible  conditions  of  the  axes  exist 
both  as  to  relative  lengths  and  inclinations ;  that  is,  there  are  (as  has  been 
exemplified  in  the  forms  which  have  been  described),  (A)  among  ortAo- 
metnc  kinds,  or  those  with  rectangular  axial  intersections;  (a)  the  three 
axes  equal ;  (J)  two  equal,  and  tlie  other  longer  or  shorter  tlian  the  two ;  (c) 
the  thi'DO  unequal ;  and  (B)  among  cHinometric  kinds,  one  or  more  of  the 
intersections  may  be  oblique  (in  all  of  these  the  three  axes  are  unequal^ 
The  systems  are  then  as  follows : 

A.  Axes  three ;  orthometric. 

1,  IsoMETRtc  SrsTEM. — Axcs  equa".  Elxamplca,  cube,  regular  octkhft 
dron,  rhombic  dodecahedron 
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2.  Tktbaoonal  Ststkm. — Lateral  axes  equal ;  the  veiiacal  a  vary  ing  axis 
Ex.,  SQiiare  prism,  square  octahedrou. 

3.  Obtjiouuombio  System. — Axes  unequal.  Ex.^  right  rhombic  prism. 
rectangular  prism,  rhombic  octahedron. 

J3.  Axes  three  ;  cliiioraetric. 

1.  MoNocLiNic  System. — Axes  uuequal ;  one  of  the  axial  inreraectioii 
oblique,  the  other  two  rectangular.     Ex.,  the  oblique  prisms  (f.  25,  26). 

2.  TRioLiino  System. — Axes  unequal ;  three  of  tlie  axial  intersections  ob- 
lique.   Ex.,  oblique  rhomboidal  prism  (f.  27, 28). 

C.  Axes  four.-^HEXAGONAL  System. — Three  lateral  axes  equal,  intersect- 
ing at  angles  of  60^.  The  vertical  axis  of  variable  length.  Example, 
hexagonal  prisms  (f .  29,  30). 

The  flo-oalled  DicUnio  sjsbem  (two  oblique  axes)  is  not  known  to  oocor,  for  the  single  sab 
stance,  an  artificial  salt,  supposed  to  crystallize  in  this  system  has  been  Rhown  by  von  Zeph*- 
roTioh  to  be  tridinic.     Moreover,  von  Lang,  Quenstedt,  and  others  have  shown  mathemati* 
caUy  that  there  can  be  only  six  distinct  systems. 

The  six  systems  may  also  be  arranged  in  the  following  groups : 

1.  Isometric  (from  tao*;,  eqtud,  Kna  fiirpov,  7neasure)j  the  axes  being  all 
equal;  including:  I.  Isometbio  SYsrEM. 

2.  Isodiametric^  the  lateral  axes  or  diametei-s  being  equal;  including: 
IL  Tetragonal  System  ;  III.  Hfxagonal  System. 

3.  Aniaometric  (from  avuro^j  uneqtiaZ^  etc.),  the  axes  being  nneqiial;  in- 
cluding: :  rV.  Obthokhombio  System;  V.  Monoclinio  System  ;  vl.  Tbi- 
CLiNio  System. 

A  further  study  of  these  different  systems  will  show  that  in  group  1 
the  crystals  are  formed  or  developed  alike  in  all  three  axial  directions;  in 
fi7*onp  2  the  development  is  alike  in  the  seveml  lateral  directions,  but  un* 
like  vertically ;  and  in  group  3  the  crystals  are  formed  unlike  in  all  three 
dii*ections.  These  distinctions  are  of  the  highest  importance  in  relation  to 
the  physical  characters  of  minerals,  especially  their  optical  properties,  and 
are  often  referred  to  beyond. 

The  nnmbers  (in  Roman  numerals)  here  connected  with  the  names  of  the  system  are  oftea 
lued  in  place  of  the  names  in  the  coarse  of  this  Treatise. 

The  systems  of  crystollixation  bare  been  yarionsly  named  by  different  authors,  as  foUows  : 

1.  Isometric.  Tetsular  of  Mohs  and  Haidinger ;  Isometric  of  Hausmann ;  Tetseral  of  Nan- 
mann ;  Begular  of  Weiss  and  Rose ;  Cubic  of  Dafrenoy,  Miller,  Des  Cloizeanx ;  Monometric  of 
the  earlier  editions  of  Dana^s  System  of  Mineralogy. 

2.  Tetragonal.  Pyramidal  of  Mohs ;  Yiergliedriege,  or  Zwei-und-einaxige^  of  Weiss ; 
Tetragonal  of  Nanmann  ;  Morwdimetric  of  Hansmann  ;  Quadratic  of  von  Kobell ;  Dimetric  of 
early  editions  of  Dana's  System. 

3.  Hexagonal.  Rhombohedml  of  Mohs  ;  Sechsgliedrige,  or  Ifrd-und-eiiumge  of  Weiss; 
Hexaffonal  of  Nanmann  ;  Monotrimetric  of  Hansmann. 

4.  Orthorhomric.  Prismatic,  or  OrViotype^  of  Mohs;  Ein-und-etnacags  of  Weiss; 
BkonUnc  and  Anitsametric  of  Naumann ;  Trimetric  and  Orthorhombic  of  Hausmann ;  Trinui- 
rie  of  earlier  editions  of  Dana's  System. 

5.  MoNOCLTNic.  HemipHamdtic  and  HemiortJiotype  of  Mohs;  Zwd-und-singUederige  of 
Wcin:  Monodinohcdral  of  Naumnnn  ;  CUn&rhnmbic  of  v.  Kobell,  Hausmann,  Des  Cloixeauz; 
AugifiC  of  Haidinger ;  Oblique  of  Miller;  Moiweymmetric  of  Groth. 

6w  Tbiclikic  Tetarto-prismatic  of  Mohs ;  Ein-und-eingUederige  of  Weiw ;  Triciinohedral 
of  Nanmann ;  CUnorJwmboidal  of  v.  Kobell ;  Anortfuc  of  Haidinger  and  Millcar ;  Anorihie.  m 
Doublg  ObUque^  of  Dea  Cloiseaux ;  AajfmtMtrk,  of  Groth. 
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4.  Laws  with  refbkenck  to  the  planes  or  Ckystalo. 

The  laws  with  reference  to  the  positions  of  the  planes  of  crystals  are  two: 
fii*st,  the  luw  of  simple  mathemattcal  ratio;  secondly,  M^  ^tc?  ofsymvietry 

1.  Thb  Law  of  simple  liAxnEMATiCAL  Ratio. 

The  crystallofijraphic  axes  afford  the  means,  after  the  methods  oi  analyti- 
cal geometiy,  of  expressing  with  precision  the  relative  positions  of  the 
planes  of  crystals,  and  so  exhibiting  the  matlicmatical  ratios  pertaining  to 
crystallization.  These  axes,  as  has  been  stated,  are  snpposed  to  pass  thi*ough 
the  centre  of  the  crystal,  and  every  plane  must  intersect  one,  two,  or  three 
of  them.     The  position  of  a  plane  is  obviously  determined  by  the  position 

of  the  points  in  wliich  it  meets  these  axes. 
Thus  ttie  plane  A  B  C,  f .  31,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position  is  determined  by  tlie  dis- 
tances O  A,  O  B,  O  C,  intercepted  be- 
tween these  points  and  the  centre  O. 
Similarly  the  plane  A  B  D  meets  the 
axes  in  the  points  A,  B,  and  D,  and  its 
position  is  determined  by  the  distances 
O  A,  O  B,  O  D ;  and  in  the  same  manner 
with  any  other  plane.  On  the  crystals 
of  a  given  species  the  occurring  planes 
have  exact  numerical  relations  to  each 
other,  and  it  is  to  show  these  relations 
that  certain  lengths  of  the  axes  are 
assumed  as  units.  Thus,  in  the  case 
already  given  if  O  C,  O  B,  O  A,  or  more 
briefly  c,  i,  a,  are  the  lengths  of  the 
axes  *  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
fir^t  plane  is  expressed  by  Ic  :  lb:\a\  that  of  the  second  by  2c  :  15  :  Ici 
rtf  OD=20C),  and  still  another  plane  might  be  2c :  2i  :  la,  and  so  on. 
Conseaucntly  the  general  position  of  any  plane  may  be  expressed  bv 
mc  :  tJ)  :  ra,t  or  more  simply  ttic  :  nft  :  a,  as  every  plane  is  for  simplicitj 
supposed  to  meet  one  of  the  axes  at  the  unit  distance.  In  the  first  case 
mentioned  above,  m  =1  and  n  =  1 ;  but  in  general  m  and  n  may  vary  in 
value  from  zero  to  infinity.  The  law  of  simple  mathematical  ratio,  how- 
ever, i-equires  that  m  and  ^,  which  express  the  ratios  in  the  lengths  of  the 
axes,  should  be  invariably  rationed  numbers^  and  in  general  they  are  eithei 
whole  numbers  or  simple  fractions. 
This  principle  may  be  stated  as  follows  : 

The  position  of  the  planes  in  a  given  crystal  is  related  in  some  simple 
ratio  to  the  relati/De  lengths  of  the  axes. 

*  The  vertical  axis  is  throughout  called  c,  see  p.  53. 

f  It  is  more  usual,  and  analjticaUj  morei  correct,  to  write  this  expreasion  ra  \  nh  :  mc\ 
Imt  as  the  usual  symbols  take  the  form  m-:i,  the  nrder  of  the  terms  used  here  and  elsewhert 
b  more  oonTonientb 
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This  Bobject  will  become  clear  in  the  BubeequcDt  study  of  die  oiffereii) 
eryBtalline  foma;  in  passing,  however,  reference  may  be  made 
ro  f.  3i  (zircon)   aa  a  siugle  example.     The  planee  lettered  1  gj 

mui  3  have  respectively  the  poaitiona,  Ic  :  li  :  la,  and  3c:  Ibila,  ^^ 
and  ill  the  second  case  the  vertical  axis  has  exactly  three  times  /^»^ 
the  length  of  that  of  the  former ;  any  aaeh  multiples  as  2,93  or  'r[7| 
8.07  are  crystallt^raphically  impossible.  It  is  this  principle  I  |  J 
which  makes  crystallography  an  exact  mathematical  science,  sm^/ 
Some  apparent  exceptions,  such  as  occasionally  occur,  do  not  at  ^-^ 
all  set  aside  thia  rule. 

Thi:  expression  7n«  :  n^  :  a  is  called  the  symbol  of  a  plane,  as  it  expressei 
its  exact  mathematical  position,  and  tlie  values  of  m  and  n  are  caUed  its 
parameters.  If  a  plane  intersects  two  of  the  axes,  but  not  the  third,  it 
IB  parallel  to  it,  and  mathematically  it  is  said  to  cut  it  at  infinity  {°o )  ; 
hence  the  general  expression  for  a  plane  parallel  to  the  vertical  axis  c  (as  in 
f .  33)  will  he  '^c:  nb  ;  a,  or  'x>c\o  :  na,  according  as  a  or  i  is  taken  aa 
the  nnit ;  for  a  plane  parallel  to  the  lateral  axis  b  (as  in  f.  34),  it  will  be 
me:  cob:  a  ;  if  parallel  to  the  lateral  axis  a  (as  in  f.  35),  mc:  b:  ooa. 

If  a  plane  is  parallel  to  two  axes,  b  and  a,  mat  is,  intercepts  these  axes  at 


an  infinite  distance,  its  position  is  expressed  by  c  :  oo  ^  :  oo  a,  as  is  illns- 
tnted  by  f.  36 ;  again,  its  position  is  expressed  by  tac  :h  :  eaa,  if  parallel 
to  e  and  a ;  and  by  oo  c ;  so  i  :  a,  if  parallel  to  c,  b.  These  may  also  be 
written  Oe:b  la,  etc 

The  following  important  principle  87 

should  be  kept  in  mind.  The  relative 
not  the  absoluU  position  of  any  plane 
has  to  be  regarded,  and  hence  all 
plaices  parallel  to  each  other  are 
cry&tallf^^phically  identical.  A 
plane  on  the  angle  of  the  cube  is  the 
same,  if  the  mutual  inclinations  re- 
main unchanged,  whether  large  or 
email,  for,  though  the  actual  distances 
cut  off  on  the  axes  may  differ  in  each 
case,  the  ratios  of  these  axes  are  iden- 
tical. Again,  in  f.  37,  the  three  planes, 
(c  :  4d  :  2i7,  and  2c:  2b  :  a.  and  c  :  ' 
i :  ^  are  identical,  for  the  ratios 
of  the  three  axes  are  the  same 
thtongliont,the  planes  being  of  couree 
paialtoL    Similarly  the  ayi°l>ol  Ic  :  id  :  la  may    be  written    Se  :  ft  :  a. 


12  CB  f  BTALLOG  BAPHT. 

and  c  :  oob:  coa  i^  the  same  as  Oc:h  :  a.    It  will  be  seen  that  this  priu 
eiple  makes  it  right  to  regard  every  plane  as  meeting  one  of  the  axes  at 
tlio  unit   distance  from   the  centre,  which,  as  before  stated,  reduces  the 
general  expression  of  any  plane  mc:nb:ra  to  the  simpler  form  mc :  9id :  a, 
ormc:  b :  na. 

The  principle,  which  has  just  been  stated,  also  makes  it  evident  that  when 
the  axes  are  all  equal,  they  are  not  necessarily  considered  in  naming  the 
position  of  any  plane ;  when  the  lateral  axes  alone  are  equal,  a  certain 
length  of  the  vertical  axis  must  be  assumed  for  each  species  ;  and  when  all 
the  axes  are  unequal,  certain  lengths  for  two  of  the  axes,  expressed  in 
terms  of  the  third  axis,  must  in  every  case  be  adopted. 

Hence  the  fundamental  form  or  any  species  may  be  regarded  as  that 
0(?tahedron  whose  axes  correspond  in  relative  lengths  with  the  axes  c,  i,  a 
adopted  for  the  species.  The  faces  of  this  octahedron  intersect  the  axes  at 
distances  from  tlie  centre  equal  to  nc,  nh^  na{oY  c\b  \  a)  respectively,  and, 
since  the  ratio  of  the  coefficients  which  expresses  the  position  of  these 
planes  is  1  :  1  :  1,  this  form  is  also  called  the  unit  octahedron.  But  the 
form  is  not  necessarily  fundamental ;  for  it  is  frequently  more  or  less  arbi- 
trarily assumed,  and  the  structure  or  genesis  of  the  crystals  of  a  species  may 
point  to  other  forms,  having  very  different  axial  relations,  as  will  appear 
from  facts  stated  beyond. 

Models.— For  clear  illostratdon  of  the  axes  and  axial  ratios  of  planes  it  is  weU  to  have 
models  of  the  axes  made  of  rods  of  wood  mortised  and  glued  together  at  the  crossing  at  centre. 
The  rods  may  be  half  an  inch  in  diameter  and  10  or  12  inches  long ;  for  the  Isometric  CQrstem, 
three  equal  rods,  say  12  inches  long  ;  for  the  Tetragonal  system,  two  of  12  inches  for  the 
lateral  axes  and  one  of  8  or  14  inches  for  the  vertical ;  for  the  Orthorhombic,  one  of  16  inohea 
for  axis  b^  one  of  10  inches  for  axis  c,  and  one  of  14  inches  for  axis  a.  (Either  axis  may  be 
made  the  vertical  by  way  of  change.) 

For  the  Clinometric  systems,  make  a  second  model  like  that  for  the  Orthorhombic  system, 
but  with  the  rods  but  loosely  mortised  and  tied  together,  so  as  to  admit  of  a  little  movement 
at  centra  Then,  the  model  when  in  its  more  natural  position  will  be  that  of  the  orthorhom- 
bic system,  the  intersections  being  all  rectangular.  But  by  pushing  the  front  n^d  a  down  in 
the  plane  of  ca,  making  it  thus  oblique  to  o  while  at  right  angles  to  b,  the  model  will  repre- 
sent the  monoclinic  axes  ;  if  all  the  intersections  of  the  rods  are  oblique,  the  model  will 
represent  the  axes  of  the  Triclinic  system. 

Now  by  taking  a  large  piece  of  thick  pasteboard,  and  placing  it  in  different  positions  with 
reference  to  the  three  axes,  the  relations  to  the  various  planes  may  be  readily  illustrated. 

Models  of  the  various  forms  of  crystals  are  also  of  the  highest  importance  ;  and  the  best 
for  general  illustration  are  those  made  of  plate  gloss,  some  of  them  having  the  positions  of 
the  axes  within  indicated  by  threads,  and  others  consisting  of  one  form  inside  of  another  to 
show  their  mutual  relationa  Such  glass  models  (first  made  by  Professor  Dana,  in  1835, 
and  recommended  in  the  first  edition  of  his  Mineralogy)  are  now  manufactured  of  great  per- 
fection at  Siegen.  in  Germany. 

Pasteboard  models,  likewise  useful  aids  to  the  study  of  crystallography,  are  easily  mado 
from  the  outlines  of  the  faces  of  the  various  forms,  which  have  been  prepared  by  varioas 
authors. 

Models  cut  in  hard  wood  representing  the  actual  forms  of  the  various  minf^ral  species  are 
very  valuable,  when  accurately  made.  They  not  only  show  the  relations  of  different  planes, 
but  may  also  be  advantageously  used  to  g^ve  the  stadent  practice  in  the  mathematical  oal- 
eolations  of  the  axes  and  parameters,  the  angles  being  measured  b>  him  as  on  an  actua] 
orystal.  Such  models  have  the  advantage  of  being  of  convenient  size,  and  symmeHioally 
(onned,  which  are  conditions  not  often  realized  in  the  crystals  furnished  by  nature. 

2.  Law  op  Syucmetbt. 
The  symmetry  of  crystals  ia  based  upon  the  law  that  either  : 
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/.  All  parts  of  a  crystal  similar  in  position  with  reference  to  the  a-iw 
are  simiJxir  in  planes  tyr  Tnodification^  or 

IL  Each  half  of  the  similar  parts  of  a  crystal^  alternate  or  syminetri 
oal  in  position  or  relation  to  the  other  half  may  be  alone  similar  in  its 
pia/nes  or  modifications. 

The  forms  resulting  according  to  the  first  method  are  termed  holoh^ 
dral  forms,  from  o\o9,  all,  fSpa,  face ;  and  those  according  to  the  second, 
^emihedraly  from  ff/jLvav;,  half. 

According  to  the  law  of  full  or  holohedral  symmetry,  each  sectant  in  one 
of  the  rectangular  systems  {a)  should  have  the  same  planes  both  as  to  num- 
ber and  kind";  and  (b)  whatever  the  kinds,  in  each  sectant  there  should  be 
as  many  of  each  kind  as  are  geometrically  possible.  But  in  /lemihedrism^ 
either  {a)  planes  ot  a  kind  occur  only  in  half  of  the  sectants ;  or  else  {b) 
half  the  full  number  occur  in  all  the  sectants. 

In  the  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
upon  it  a  plane  equally  inclined  to  the  diametral  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f.  39-42). 

If  one  of  the  twelve  cages  of  the  cube  has  a  plane  equally  inclined  to  the 
enclosing  cubic  faces  (or  diametral  planes)  the  others  will  have  the  same 
(f .  4S-46). 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  planes,  as 
in  f.  70,  this  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  half  the 
solid  angles  of  the  cube,  and  not  on  the  other  half,  as  m  f .  87,  or  half  the 
full  number  of  planes  may  occur  on  all  the  angles,  as  in  f.  101.  This  subject 
is  further  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

Hjemihedbism  is  of  various  kinds : 

1.  Holom/)rphic^  in  which  the  occurinff  planes  pertain  equally  to  botl) 
the  upper  and  lower  (or  opposite)  ranges  of  sectants,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  HemimorphiCy  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  nence  the  planes  are  only  half  enough  of 
the  kind  to  enclose  a  space,  whence  the  term  heminwrphic^  from  ^/Lfcicrt/^. 
half  and  yLop^r^^form,, 

The  holomorphic  forms  may  be  either : 

A.  Semiholohedralj  half  the  sectants  haWng  the  full  number  of  planes, 
or 

B.  Holohemihedral^  all  the  sectants  having  half  the  whole  number  of 
planes. 

Again,  as  to  the  relative  positions  of  the  sectants  containing  the  planes, 
the  lorms  may  be : 

a.  Verticaily-directy  in  which  the  sectants  of  the  upper  and  of  the  lowei 
imnges  are  aUemate^  but  the  upper  nut  aUemate  with  reference  to  the  lower, 
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and,  accordingly,  each  plane  above  is  in  the  same  vertical  zone  with  %  liki 
plane  below  ;  as  in  forms  described  on  pp.  34,  36. 

b.  Verticfilly-alternuie^  in  which  the  sectants  of  the  upper  and  lowei 
ranges  are  alternate^  and  also  the  npper  ar^  alternate  with  reference  to  the 
lower,  and,  accordingly,  each  plane  above  is  not  in  the  same  vertical  zone 
with  alike  plane  below;  as  in  the  tetrahedron  (f.  9),  rhombohedron  (f.  16), 
and  gyroidal  forms  (f.  182). 

c.  VeTticaHy-ohlique^  in  which  the  sectants  of  the  npper  and  lower  ranges 
are  adjacent^  but  the  upper  are  situated  didgonally  with  i-eference  to  the 
lower,  being  on  the  opposite  side  of  a  transverse  diametral  or  diagonal 
plane  ;  as  m  hemihedix>ns  of  monoclinic  habit  under  the  orthorhombic 
system  (p.  45). 

Tetartohedrism, — Mathematically  the  rhombohedron  is  a  liemihedron  un- 
der the  hexagonal  system,  consequently  the  forms  that  are  hemihedral  to  the 
rhombohedron  are  tetartohedrons^  or  quarter-foi'ras.     See  p.  39. 

Tetartohedral  forms,  or  those  with  one-fourth  of  the  normal  number  of 
planes,  have  also  been  observed  in  the  Isometric  system.  The  term  mero 
aedrism,  from  pApo^^  part,  and  ISpa,  Jace,  has  been  used  in  place  of  hemi- 
hedrism,  to  include  botli  this  and  tetartohedrism. 


I.— ISOMETRIC  SYSTEM. 

A.  Holohedral  Forms. 

In  the  IsoMSTRic  svsTKit  the  axes  are  equal,  so  that  cither  one  may  be  the 
vertical  axis,  and  each  may  be  called  a.  It  has  already  been  shown  that  the 
general  expression  for  any  plane  meeting  the  axes  c, h^a  is  rac  :  vb:  a\  and 
m  this  system  it  will  be  ma  :  na  :  a^  or,  since  the  axes  are  equal,  simply 
tn:  n  :  i.  Now  it  has  been  shown  also  that  according  as  a  plane  intersects 
tlie  several  axes  at  different  points,  or  is  parallel  to  one  or  more  of  them, 
this  fact  is  indicated  by  the  values  given  tor  m  and  n  in  each  case  (p.  IJ), 
Ilence  expressions  for  all  the  forms  geometrically  possible  in  this  system 
will  be  obtained  if  to  m  and  n,  in  the  geneittl  expression  m/i :  na:  a,  succee- 
sive  values  are  given.  These  values  may  be  in  this  system,  0, 1,  a  number 
greater  than  1,  or  co  .     In  this  way  are  derived  : — 

1.  m  :  n:l     [m-n]      when  m  and  n  have  both  different  valuer  greater 

than  unity. 

2.  m:  m  :1  [m-m]  when  m  >  1, n  =  /n., 

3.  m  :   1  :  1  [m]  when  m  >  1,  n  =1. 

4.  1:1:1  [1]  when  m  and  n  :=1. 

5.  Qo  :  n  :  1  [i-w]  when  m  =  oo ,  71  >  1. 

6.  QO  :  1  :  1  [t]  when  m  =  go  ,  n  =  1, 

7.  c©  :  00  :  1  [ZT ]  when  m  and  n  =2:  oo . 

In  lettering  the  planes  of  the  seyeral  forms  only  the  essential  part  of  the  symbol  il  tttted:  tbi 
cube  is  H  (hexahedron) ;  the  octahedron  !(=!  :  1  ;  1) ;  the  dodecahedron  »  (go  :  1  :  1),  ( 1 
itaiidi  for  infinity) ;  m  is  used  for  the  planes  m  :  1  :  1  ;  m-m  f or  m  :  m  :  1 ;  t'-«for  «  :  n  :  T 
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fi»-fi  lor  m  :  n  :  1.  These  sjmbola  are  the  same  as  thoM  of  Naoinann,  6Xoept  that  he  wiate 
■n  instead  of  •  for  infinity,  and  intxoduoed  ab«o  the  letter  O  (octahedron)  as  the  sign  of  th« 
system  :  00  (^  x  of  his  system  =  /f;  0=1  ;  »  0=i  ;  m  0=m  ;  m  O  wi=:m-tii,  od  0  n=  i-n, 
and  ffi  0  n=m-n. 

$ 

Each  of  these  expressions,  aj)i>earing  at  fii-st  sight  possibly  a  liitle 
obscure,  may  be  tmnalated  into  simple  language. 

Cube, — The  en  be  with  the  symbol  qo  :  qo  :  1,  is  composed  of  planes  each 
one  of  which  is  parallel  to  two  of  the  axes,  and  meets  the  third  at  its  miit 
point  (see  f.  36).  It  is  evident  that  there  are  six  snch  planes,  one  at  each 
extremity  of  the  thi-ee  axes,  and  the  figure  or  crystal  which  is  enclosed  by 
tliese  six  planes  has  ali-eady  been  described  (p.  5)  as  the  ctJ/e  (f.  38). 

Octahedron, — The  symbol  1:1:1  comprises  all  those  planes  which  meet 
the  three  axes  at  the  same  distance,  that  is,  cut  off  the  unit  length  of  each. 
It  is  evident  that  there  must  be  eight  snch  planes,  one  in  each  octant,  and 
they  together  form  the  regular  octahedron  (f.  42),  which  has  already  been 
described,  p.  4. 

Dodecahedron, — The  symbol  qo  :  1 :  1  includes  those  planes  which  inter- 
cept two  of  the  axes  at'  the  same  unit  distance,  and  are  parallel  to  the 
third.  There  can  be  twelve  planes  answering  to  these  ci»nditi  jusj,  and  they 
form  together  the  dodecahedron  (f .  45,  see  also  p.  6). 

These  three  forms,  the  cube,  octahednni,  and  dodecaliedron,  are  tlK«e 
most  commonly  occurring  in  this  system,  and  it  is  important  that  their  rela- 
tion should  be  thoroughly  underst<Kid.  The  transitions  between  these  forms, 
as  thev  modifv  one  another,  are  exhibited  in  the  f(»llowiiii>:  fiorures : 
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Figs.  3S  and  42  repi^esent  the  cube  and  octahedron,  and  89,  40,  41,  the 
intermediate  forms,  slicing  off  from  tiic  eight  angles  of  a  cube  piece  after 
piece,  such  that  the  planes  made  are  equally  inclined  to  /T,  or  tlie  cubic  faces, 
the  cube  is  finally  converted  into  tne  regular  octahedron  ;  and  the  last 
Jisappearing  point  of  each  face  of  the  cube  is  the  apex  of  each  solid  angle 
of  the  octahedron.  The  axes  of  the  former,  therefore,  of  necessit}'  conned 
the  apices  of  the  solid  angles  of  the  latter. 

The  form  in  f.  40  is  called  a  cuio-octahedron,     J^A  1=125°  15'  52". 

If  the  twelve  edges  of  the  cube  are  truncated  ffor  all  will  be  truncated  ii 
one  ia)  it  affords  the  form  in  f .  43 ;  then  that  ox  f.  44 :  then  the  dodecahe- 
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dron,  f.  45 ;  the  axes  of  the  cube  becoming,  in  the  tranBition,  the  axes  tXA 
necting  the  tctrahedml  solid  angles  of  the  (^decahedroTi ;  J7  A  i  =  135".  li 
the  twelve  edges  of  the  octahearon  (f.  42)  are  truncated,  the  form  iu  f.  47 
results  ;  and  by  coiitiituiiig  the  replacement,  finally  the  dodecahedi-oii  agaiu 
is  formed  (f.  45).  1  A  *  =  144°  44'  8".  The  last  point  of  the  face  of  the 
octahedron,  as  it  disappears,  is  the  apex  of  the  ti-iliedral  solid  angle  of  the 
dodecahedron. 

These  forms  are  thus  mntnally  derivable.  The  process  may  be  reversed, 
the  cube  being  derivable  from  the  dodecahedron  by  the  truncation  of  the 
tetrahedral  solid  angles  of  the  latter  (compare  in  succession  f.  45,  44,  43, 
38)  ;  and  the  octahedron  by  the  truncation  of  the  trihedral  solid  angles 
(compare  f.  45,  47,  42).  These  remarks  are  important  as  shovring  the  rela- 
tiono  between  these  forms,  though  it  is  of  course  not  intended  to  oe  under- 
stood that  they  are  in  any  sense  derived  from  each  other  in  this  manner  in 
nature. 

The  three  aaes  (or  cubic  axes)  connect  the  centres  of  opposite  facet  in  the 
oube  ;  the  apices  of  opposite  solid  angles  in  the  octahedron;  the  apices 
of  <^po3ite  tetrahedral  solid  ano^les  in  the  dodecahedron. 

The  eiffhi  trigonai  or  octaheS^l  interaxes  connect  the  centres  of  opposite 
faces  in  the  octahedron  ;  the  apices  of  opposite  solid  angles  in  the  cube  ; 
the  apices  of  o))])OBite  tiihedral  solid  angles  in  the  dodecahedron. 

The  twelve  rltambie  or  dodecahedral  interaxes  connect  the  centres  of  op 
posite  faces  in  the  dodecahedron  ;  the  centres  of  opposite  edges  both  in  the 
cube  and  tlie  octahedron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octabe 
dral  interaxie  intersects  one  of  the  three  cubic  axes  at  the  angles  54°  44'  & 
and  125'  15'   52",   and  one  of  the 
dodecahedral  intei'axes,  at  the   an-  ^ 

gles  35=  15'  52"  and  144°  44'  8". 

There  remain  four  other  liolohe- 
dral  fontis  belonging  to  the  system 
as  contained  in  the  nst  on  page  14. 

Trisoctahedrons.  —  The  symbol 
m :  1  ;  1  is  of  that  solid  each  of 
n-liose  planes  meets  two  of  the  axes 
at  tlio  unit  distance,  and  the  third 
axis  at  some  distance  which  is  a 
multiple  of  tliia  nnit  length.  It  will 
be  evident,  as  in  f,  48,  that  there 
are  three  such  planes  in  each  of  the 
eight  sectants,  and  hence  the  total 
number  of  planes  hy  which  the  solid 
is  bounded  is  twenty-four.  The 
resulting  solid  is  called  a  trigonal 
tHsoctaiiedron,  and  one,  having 
TO=|,  is  shown  in  f.  49. 


K  will  be  fonnd  a  lecj  vHusble  praotloe  for  the  itudent  to  constmot  the  ftgnieB  o*  A* 
'-^  at/rtallmn  fonna  in  this  vvj,  ^Kjvag  oB  the  proper  lengths  of  the  oeTenl  Kxee  knd 
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uB(dag  the  potntB  where  the  diffezent  {duies  inteneot.     Fnrthei  xmomrka  on  the  drawing  •! 
OTitele  wDI  be  found  in  the  Appendix* 

Tiie  svinlKil  m  :  m  :  1  belongs  to  all  the  planes  which 
meet  one  axis  at  the  unit  distance,  and  the  othei'sat  equal 
distau(*es  which  are  multiples  of  the  former.  As  seen  in  the 
preceding  ease,  there  will  be  three  such  planes  in  each  of 
the  eight  sectants,  and  the  total  number  consequently  will 
be  twenty-four.  The  solid  is  seen  in  f .  60,  and  is  called  a 
tetragonal  trisoctahedronj  or  a  trapezohedix>n. 

Both  these  forms  are  called  trisoctahedrons,  from  rp\^^  three  tunesy  and 
octahedron,  because  in  each  a  three-sided  pyramid  occupies 
the  position  of  the  planes  of  the  regular  octahedron.  They 
are  closely  related  to  each  other ;  starting  with  the  form 
7»  :  1  :  1,  if  m  is  diminished  till  it  equals  unity,  then  the 
symbol  becomes  1:1:1,  that  is,  it  has  passed  into  the  octa- 
hedron. If  m  becomes  less  than  unity,  the  symbol  may  be, 
for  example,  ^  :  1  :  1,  which  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1:2:2  (2-2),  and  this  is  the  symbol  of 
the  second  trisoctahedron.  This  explains  why,  in  the  fii-st  list  comprising 
all  the  possible  forms,  m  was  in  no  case  made  less  than  unity. 

Trig(mal'trisoctahed/ron, — In  this  form  the  solid  angles  are  of  two 
kinds :  the  trigonal  or  octahedral,  and  the  octagonal  or  cubic.  The  edges  are 
thirty-six  in  number,  twenty-four  of  one  kind,  forming  the  octahedral  or 
trihedral  solid  angles,  and  twelve  edges  meeting  at  the  extremities  of  the 
cubic  axes.     Each  of  the  twenty-four  planes  is  an  isosceles  triangle. 
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58 


111  combination  with  the  cube,  the  form  2  appears  as  a  replacement  of 
ca4;h  of  the  solid  angles  by  three  planes  equally  inclined  on  the  edges  ;  this 
is  seen  in  f.  52.  With  the  octahedron,  it  appears  as  a  bevelment  of  its 
twelve  edges,  as  shown  in  f.  53.  It  also  replaces  the  eight  trigonal  solid 
angles  of  a  dodecahedron  by  three  planes  inclining  on  the  faces.  The  more 
commonly  occurring  examples  of  this  form  are  2  (=2  :  1  :  1),  also  J  (=| 
:  1  : 1),  and  3  (3  :  1  : 1). 

The  TetragonaJrtrisoctahedron  or  trapezohedron,  has  three  kinds  of  solid 
angles :  six  cubic,  whose  truncations  are  cubic  faces  (f.  56) ;  eight  octahe- 
dral, whose  truncations  are  octahedral  faces  (f.  56) ;  cwelve  doaecahedral, 
truncated  by  the  dodecahcdral  planes  (f.  60).  It  has  forty-eight  edges; 
twenty-four  of  one  kind,  those  of  the  trihedral  or  octahedral  solid  angles, 
and  the  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cubic  solid 
angles.     Each  or  the  twenty-four  faces  is  a  quadrilateral. 

in  combination  with  the  cube  it  is  seen  in  f.  55,  56,  appealing  as  a  re 
placement  of  each  of  the  solid  angles  by  three  planes  equally  inclined  on 
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the  faces  of  the  cube.  FigB.  56,  57, 58,  59,  60,  62,  also  show  it  in  com 
biiiation  with  the  octahedron  and  dodecahedron.  The  most  commouljf 
occurring  of  this  series  is  2-2  (=2  :  2  :  1),  f.  54: ;  as  seen  in  f.  59,  it  truncatei 
the  twenty-four  edges  of  the  dodecahedron.     On  the  other  hand  tlie  form 
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|-|  would  replace  the  trihedral  solid  angles  by  planes  inclined  on  the  edges, 
while  3-3  replaces  (f.  62),  the  tetrahedral  solid  angles  of  the  dodecahedron, 
by  planes  also  inclined  on  the  edges. 

Tetrahexahedron, — The  symbol  oo  :  n  :  1  (i-;i)  belongs  to  all  the  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  unit  distance,  and  the 
third  at  some  multiple  of  that.  There  are  twenty-four  planes  which  satisfy 
these  conditions,  and  they  form  the  tetrahexahedron. ;  f .  64, 65,  represent  two 
varieties  of  tetrahexahedrons.  It  will  be  seen  that  the  planes  are  so 
arranged  that  a  square  pyramid  corresponds  to  each  of  the  six  faces  of  the 
cube  ;  and  hence  the  name  f i-ora  rerpa/ci?,  four  times^  ef,  «*a;,  and  IfSpa, 
face^  it  being  a  4x6-faced  solid.  Tne  tetrahexahedron  has  six  tetrahe- 
dral solid  angles  and  eight  hexahedral  or  octahedral  solid  aiigles.  There  arc 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  position  of  the  cubic  edges.  Each  of  the  twenty-foui 
faces  is  an  isosceles  triangle.  In  combination  with  the  cube  it  pixxiuces  a 
bevelment  of  its  twelve  edges,  as  represented  in  f .  64. 


64 


65 


66 


67 


68 


The  tetrahexahedron,  in  f.  65,  lettered  i-2,  has  the  symbol  oo :  2  :  1 ;  and 
that  of  f.  66,  lettered  *-3,  oo :  3  :  1.  Some  of  the  other  occurring  kinds  ar€ 
those  with  the  ratios,  2  :  3,  3  :  4,  4  :  5,  etc.,  etc. 

The  relation  of  the  tetrahexahedron  to  the  octahedron  is  shown  in  f.  37 
By  comparing  this  figcure  with  f .  42,  it  is  seen  that  the  planes  i-2  re|  laci 
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the  Bolid  angles  of  the  octahodron  by  (iluiies  inclined  on  its  edges.  Its  rela- 
tion to  the  dodecahedron  is  presented  in  f.  63,  which  is  a  dodecahedron 
(planes  i  being  the  dodecahedral  planes,  see  f.  45)  with  tlie  teti-ahedml  Bolid 
angles  replaced  by  four  planes  inclined  each  on  an  i. 

The  tetrahexahedron  is  called  a  Jliioi-oid,  by  Haidinger,  the  form  being 
common  in  fluorite.  It  is  the  Tetrakinltexuhedron  (or  FyramidenwiirfeQ 
of  Namnann. 

In  accordance  with  considerations  alieady  presented  it  is  evident  that  n, 
in  the  symbol  t-H,  may  always  be  written  as  a  whole  number,  for  the  symbol 
<X' :  i  :  i  is  identical  with  <» :  I  :  2.  Moreover  it  ie  seen  that  when  n  is  <» , 
the  fonn  pusses  into  the  cube  («;»::  Ij,  and  as  n  diminishes  and  becomes 
nnitv,  it  passes  into  the  dodecahedron  (m :  1  :  1). 

tiexoctahedron. — The  general  form  tt*  :  «  includes  the  largest  number 
of  similar  pknca  geometrically  possible  in  this  system.  This  symbol 
requires  six  planes  in  each  octant,  as  will  be  seen  by  a  method  of  con- 
stnictiun  siniilar  to  that  in  f.  48,  and  consequently  the  whole  solid  has 
forty-ei^ht  planes.  It  is  hence  called  a  hexakisoctahedrou  (e^ojcw.  ^ 
timen,  SicTtE),  eight,  and  ISpa,  face,  i.e.,  a  ti  x  S-faued  solid)  or  bexoctahedron. 
The  form  is  shown  in  f.  69,  where  it  will  be  seen  that  there  are  (Areediffer- 
ent  kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  the  forty- 
eiglit  planes  is  a  scalene  triangle. 

When  modifying  the  cube  it  ap|>eai«  as  six  planes  replacin^each  of  the 
solid  angles,  f.  70.     It  replaces  the  eight  angles  of  the  octaliedron,  and  tb* 


form  3-f  bevels  the  twenty-four  edges  of  the  dodecahedron  (f,  71).  Other 
bexoctahedron 3,  differing  in  their  angles,  may  replace  tlie  six  acute  solid  an- 
gles of  the  dodeeahcdi-on  by  eight  planes,  or  the  eight  obtuse  by  »ix  planes. 
The  hexiwtaheilrcii  of  f,  60,  70.  71  is  that  whose  planes  buve  the  asift 
imtio  3  ; }  :  1.  Others  have  the  ratio  4  :  2  : 1,  2  :  f  :  1  (=6  :  4  :  3),  5  :  4  : 1 
;=15  :  5  :  3),  7  :  J  :  1  (=21  :  7  :  3),  eta 
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Tho  preceding  tigui-ee  bUow  dodecaliedmiis  variously  modilied.  In 
f,  72,  /,  or  i,  ai-e  fauoe  uf  the  dodecahedi-oii ;  ^of  the  ciihe ;  1  of  the  octa- 
hedron ;  i-3  of  a  teti-aliexahcdron  (f .  66) ;  2-2  of  tlie  trapezohcdi'ou  of  f.  54 
5ft ;  3-f  of  tlie  hexoctahedron  of  f.  69,  70.  In  f.  73,  *,  0,  and  1  are  as  in 
f.  72;  3-3  is  the  ti-apezohedi-on  of  f.61,«2;  and  5-j  (either  side  uE  S-SW 
hexoutahedi'on. 

The  hexoutalicdron  is  called  tlic  adamantoid  by  Haidinger,  in  allnaioQ 
to  its  beinga  common  form  of  crystals  of  diamond.  It  is  tlie  hexakitocta- 
Kedron  of  Kallmann. 

B.  Semihidral  Forms, 

Of  the  kiuds  of  hemihedral  forma  mentioned  on  page  13,  the  hemiho- 
lohadral,  in  which  only  half  of  the  seotanta  are  represented  in  the  form, 
prodaces  what  are  called  inclined  hemiKedrona  ^  and  the  holohem-iJiedral,  iu 
which  all  the  sectanta  are  represented  by  halt  the  full  numlier  of  planes, 
parallel  hemihedrona.  In  the  former  the  sectants  to  which  thi:  occurring 
planee  belong  are  diagonally  opposite  to  thoeo  without  the  saine  pianos ;  au5 
henoe  no  plane  hafi  another  opposite  and  pamllcl  to  it ;  on  the  contrary, 
opposite  planes  are  oblique  to  one  unuther,  and  hence  the  name  of  inclined 
hemihedrons  applied  to  them.  They  aie  also  called  teirahedral  forms,  the 
tetrahedron  being  the  simplest  form  of  the  number,  and  its  liahit  character- 
istic of  them  all ;  while  the  latter  are  called  pyriloiiedral,  because  observed 
in  the  species  pyrite.  The  complete  synihola  of  the  inclined  heiuibedroue 
are  written  in  the  general  form  ^m  :  n  :  1),  of  the  parallel  hcmihedroos 
in   the  form   \  [m  :  n  :  1]  ;  also  written   «{wi ;  n  :  1)  and  7r(m  :  7J ;  1)  r©- 


,  Jnclined  or  Tetraliedral  Hemihedrona.     1.  Tetraltedron,  oi-  Memi- 
ocCaliedron. — i(l  :  I  :  1). 

As  has  been  shown,  the  form  1(1  ;  1  : 1)  embraces  eight  planes,  and  when 
holohedrally  developed  it  produces  the  octahedron;  in  accordance,  how- 
ever, with  the  law  of  lieinihednsni, /ux^/*  o£  the  eight  possible  planes  mar 


^ 


occnr  in  alternate  octants;  thns  in  two  opposite  sectants  above,  and  tba 
two  diagonally  opposite  below,  as  shown  by  the  gliaded  planes  in  f.  74-     If 
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these  four  slicided  planei  are  suppressed,  while  the  other  four  cf  the  octa- 
hedron arc  extended,  the  resulting  form  is  the  regular  tetrahedron,  f.  76. 
The  relation  of  the  octahedron  and  tetmhedron  maybe  better  understood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  74:  are  suppressed, 
while  the  others  are  extended,  it  will  be  seen  in  f.  75  that  the  two  latter 
pairs  intersect  in  edges  parallel  respectively  to  the  basal  edges  of  the 
octahedron,  and  the  complete  tetrahedron  is  the  result.  Tbe  axes,  it  is  im- 
portant to  observe,  connect  the  middle  points  of  the  opposite  edges. 

Farther  than  this,  since  cither  set  of  four  planes  may  go  to  form  the  solid, 
two  tetrahedrons  are  evidently  possible,  and  they  may  be  distinguished 
by  calling  tlie  fii*st,  f.  76,  positive,  and  the  second  negative,  f.  76a. 
These  terms  are  of  course  only  relative.  The  pins  and  the  minus  tetrahe- 
drons may  occuj*  in  combination,  as  in  f .  79  ;  and  though  there  are  here  pre- 
sent the  eight  planes  which  in  holohedral  forms  make  the  octahedron,  and 
though  they  should  happen  to  be  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetrahedi-al,  since  the  planei 
1  and  — 1  are  physically  different.  An  example  of  this  occurs  in  crystals 
of  boracite,  where  the  planes  of  one  tetmhcdron  are  polished  while  those  of 
the  other  are  without  lustre. 

The  plane  angles  of  the  tetrahedron  are  60^,  and  the  interfacial  angles 
70**  31'  44". 

The  combinations  of  the  cube  and  tetrahedron  are  shown  in  f.  77  and  78, 
and  the  dodecahedron  and  tetrahedron  in  f.  80.  As  the  octahedron  results 
(reometrically  from  slicing  off  successively  the  solid  angles  of  the  cube,  by 

e lanes  of  equal  inclination  on  the  cubic  faces,  so  also  the  tetrahedron  may 
B  made  mechanically  by  slicing  off  similarly  A<zZ^  these  solid  angles. 

81  89  83  84 


Hemi-trisoctahedronSj  \{m  :  mil)  and  \{m  :  1  :  1).  In  the  same  manner 
as  with  the  tetrahedron,  the  form  m-m,  when  hemihedral,  may  have  half  its 
twenty-four  planes  pi-esent,  viz.,  those  in  the  two  opposite  sectants  above 
and  the  alternate  sectants  below.  When  these  twelve  planes  are  extended, 
the  others  being  suppressed,  they  form  the  solid  represented  in  f.  81 ;  the 
symbol  properly  being  i(  m-m),  or  here  i(2-2).  The  faces,  as  will  be  ob 
served,  are  trigonal,  and  the  solid  is  s^^metimes  called  a  cuproid.  There  ie 
the  same  distinction  to  be  made  here  between  the  plus  and  the  minus  forma 
as  with  the  tetrahedrons.  Figs.  82,  83,  84  show  combinations  of  +i(77i-m) 
wJth  the  phis  tetrahedron,  the  dodecahedron,  and  the  tetrahexahedron. 

Biinilarly  the  f(»rm  tw,  when  hemihedral,  according  to  the  same  principle 
results  in  the  solid,  f.  85.  It  is  called  the  ddtohedron  by  Haidinger ;  it  has 
trapezoidal  faces.  In  f.  86,  +i(f)  is  shown  in  combination  with  4-^(2-2). 
Here  also  the  distinction  between  the  plus  and  minus  fonns  is  to  be  made  in 
the  same  manner  as  that  already  explained. 
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Indined  or  tetroAedral  Jlemi-hexocta/iedroii  i{in  :  nil).  The  form  R^-n 
irhen  doveloped  according  to  tlie  law  of  iiicliiicd  liernihcdrisin,  that  ia, 
ivhen  of  ite  forty-eight  faces,  half  are  preeeiit,  \iz.,  all  in  half  the  witoU 


number  of  aectaiits,  prt>duce8the  aolid  eeen  inf.  87.  There  is  here  also  ■ 
plus  aolid,  and  a  minus  Bolid,  corresponding  to  the  +  aud  —  tetrahedron. 
In  f,  88  it  is  in  combination  with  the  pins  tetrahedron. 

If  the  same  method  of  inclined  hemihedrism  be  applied  to  the  remain* 
ingsolidsof  tliis system,  the  enbe,  dodecahedron,  and  tetrahe^tahedron,  that 
)B,if  ineach  case  the  parts  in  two  opposite  sectants  above,  and  thetwodiae- 
onally  opposite  sectaittB  l>elow,  be  conceived  to  be  extended,  the  other  half 
beingsnppreaeed,  it  will  be  seen  that  the  solid  repi-odnces  itself ;  the  hemi- 
hedral  form  of  the  cnbe  is  the  cnbe,  and  so  of  the  otlici-s. 

The  following  fignrea  repi-cseiit  some  other  combinations  of  thcso  foimK 


Sphalsrita. 


Sphalerite. 


Totnliadrito. 


Il  f.  89,  the  cnproid3-8  is  cojnbined  with  the  faces /of  a  dodeealiedron. 
The  form  3-3  resembles  closely  that  of  f.  81,  bnt  in  its  combination  with 
the  dodecahedron  it  does  not  trnncate  an  edge  of  the  dodecahedron,  like  2-3 
in  f.  83.  Fig.  89a  contains  the  same  planes  coinbitied  with  tlie  plus  tetra- 
hedron, hexagonal  planes  1,  the  minus  tetrahedron,  triangular  planes  1,  and 
the  facesof  the  cube  ^.  The  presence  of  the  plane  ^^/'facilitates  the  com- 
parison of  the  form  with  f.  55,  56,  57,  p.  18,  the  plane  3-3  having  the  same 
pi^eition  esBentially  with  2-2.  Fig.  90  has  as  its  most  prominent  planes  those 
of  f.  81 ,  but  the  position  given  it  is  relatively  to  f.  81  that  of  the  mtnat 
hemihedron;  and  there  are  also  i lie  pnmli  planes  2-2  about  the  angles, 
which  are  those  of  the  minus  lieniihedrun.  //,  are  planes  of  the  cnbo ; 
1,  those  of  the  tetrahedron ;  i,  those  of  the  dodecahedron  ;  i-S  thime  of  a 
tetrahexahedron  {!J,  i,  i-3  all  h<i)i<hedi-al) ;  and  I  the  planes  of  a  deltohe 
dixm  similar  to  f.  85,  and  occurring  with  2-2  in  £  Sd. 
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b.  Parallel  or  pyritohedral  hemihedrons. — According  to  the  second  la\» 
of  heraihedrism,  half  the  whole  number  of  planes  of  any  fomi  may  be  pre- 
sent in  all  the  sectants.  In  tlie  resulting  solids  each  plane  has  another  par- 
allel to  it  This  method  of  hemihedrism  obviously  produces  distinct  forms 
only  in  those  cases  where  there  is  an  even  immber  of  planes  in  each  octant. 

Pentagoiml.  Dadecahedron^  or  Hemi-tetraliexahedron^  ^(oo :  n  :  Ij.  If 
of  the  twenty -four  planes  of  the  form  i-n  (oo :  n  :  1),  only  half  are  present ; 
viz.,  one  of  each  pair  in  the  manner  indicated  by  shading  in  f.  91,  these 
being  extended  while  the  others  are  suppressed,  the  solids  in  f.  92  and  f.  93 
result.  The  parallelism  of  each  pair  of  opposite  planes  will  be  seen  in  these 
figures.  These  two  possible  forms,  seen  in  the  figures,  are  distinguished  by 
calling  ow^plus  (arbitrarily), -fi[i-2],  and  the  other  minus,— ^[z-2].  These 
Bolids  are  very  common  in  the  species  pyrite,  and  are  hence  called  j>yri^e?A43- 
d/rons ;  they  are  also  called  pentagonal  dodecahedrons,  in  allusion  to  their 
pentagonal  faces.  The  regular  dodecahedron  of  geometry  belongs  to  this 
class,  but  is  an  im}>ossible  K)rm  in  nature,  since  for  it  n  must  have  an  irra- 
tional value,  viz.,    —31 — ,  see  p.  10. 

In  combination  with  the  cube  the  form  +i[i-2]  is  seen  in  f.  94  and  f.  95, 
and  in  f.  96,  97,  with  the  octahedron,  and  in  f.  98,  with  the  cube  and  octa- 
hedron. 


91 


92 


98 


94 


95 


96 


97 


98 


ParaUei   hemi-hexoctdkedron^  i[m  :  n  :  1].     When   of  the  forty-eight 
planes  of  the  form  m-n,  only  half  are  present,  viz.,  the  three    alternate 


99 


100 


101 


102 


E lanes  in  each  octant  as  indicated  by   che  shading  in  f.  99,  the  solid  in 
,  100  results.     This  solid  is  called  a  diploid  by  Uaioinger.     It  is  also  called 
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a  dvakis-dodecahedron.     In  f.  101  it  is  shown  in  combination  with  the  cube 
and  in  f .  102  with  the  octahedron. 

Figs.  103,  104, 105,  of  the  species  pj^'ite,  represent  various  combina- 
f ions  of  parallel  heraihedrons  with  the  cubic  and  other  faces.  In  f.  103 
there  are  planes  of  twohemi-tetrahexahedrons  (pentagonal  dodecahedrons) 
t-2,  i-1 ;  and  of  two  diploids  4-2,  3-f ,  along  with  planes  of  the  octahedron, 
1,  ana  of  the  trapezohedron  2-2.  In  f.  104  the  dominant  form  is  the  dode- 
cahedron, /;  it  has  tlie  faces  of  the  cube,  /?;  of  the  octahedron,  1 ;  of  th« 


108 


104 


105 


Pyrite. 


Pyrite. 


Pyrite. 


trapezohedron,  2-2 ;  and  of  the  parallel  hemihedrons,  t-*2  and  4-2.  Fig. 
105  represents  a  map  of  one  angle  of  a  cube,  showing  at  centre  the  octahe- 
dral face  1,  and  around  it  the  faces  of  the  cube  7/,  of  the  tiapezohedron 
2-2,  the  trigonal  trisoctahedron  2,  and  the  parallel  hemihedi'ous,  2-2,  2-|^, 
3-|.  The  axial  ratio  for  2-^  is  2  :  f  :  1  (or  6:4:2),  and  for  3-y,  3  :  |  :  I 
(or  6:3:2). 

PrommerU  distinctive  characters. — The  student,  in  order  to  facilitate  his 
study  of  Isometric  forms  in  nature,  should  be  thoronghlv  familiar  with  the 
following  points,  from  the  study  of  models  or  natural  crystals ;  (1)  The 
isometric  character  of  the  symmetry,  the  planes  being  alike  in  grouping  in 
the  direction  of  the  three  axes.  (2)  The  jforms  of  the  faces  and  solid  an- 
gles of  the  octahedron,  the  dodecahedron,  the  trapezohedron  2-2,  the  pen- 
tagonal dodecahedron  i-2.  (3)  The  fact  that  the  following  are  common  an- 
gles in  the  8ystem~135^  (=HAi);  109°  28'  (angle  of  octahedron),  70°  32' 
(angle  in  octahedron  and  tetrahedron) ;  120°  (angle  of  dodecahedron);  125** 
16'(=nAl);  144^44' (=HA2.2=lAi);  153°  26'(=IlAi-2);  16r34^(=H 
Ai-3).  A  list  of  the  angles  belonging  to  the  various  forms  of  this  system  is 
given  on  p.  67.  (4)  Cleavage  may  be  cuhic,  octahedral^  or  dodecahedral  / 
and  sometimes  two  of  these  kinds,  and  occasionally  the  three,  occur  in  the 
same  species,  but  always  with  great  diflfercnce  of  facility  between  them. 
Galenite  is  an  example  of  easy  cubic  cleavage ;  flnorite  of  easy  octahedral ; 
sphalerite  (blende)  of  easv  dodecahedral. 

Plc^ittft  of  symmetry. — Thebcven  kinds  of  solids  descii  bed  on  pp.  15  to  19, 
include  alt  X\\b  holohedral  forms  possible  in  this  system,  as  is  evident  from 
their  geometrical  development.  Inthein  exists  the  highest  degree  of  sym 
nietry  possible  in  any  geometrical  solids. 

In  the  cube,  as  has  already  been  stated,  all  planes,  solid  angles,  and  edgei 
are  equal  and  similar.  The  three  diametral  planes,  pas.=^ing  each  through 
two  of  tJie  axes,  arp  the  chief  planes  of  symmetrv,  everv  part  of  the  crystal 
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jn  one  side  of  the  plane  having  its  equal  and  sjuimetrical  part  on  the  oppo- 
Bite  side.  Further  than  this,  each  or  the  six  planes  passing  through  the 
diagonal  edges  of  the  cube,  and  conseouently  parallel  to  the  dodecanedral 
planes,  are  also  planes  of  symmetry.  There  are  hence  in  this  system  nin^ 
planes  of  symmetry. 


\m]      wlien  7/1^1, 7t=l. 
c:  ooa  :  a        [1-iJ     when  7n=i,  n=QO . 


II.— TETRAGONAL    SYSTEM. 

in  the  Tetragonal  System,  there  are  three  rectangular  axes ;  but  while 
the  two  lateral  axes  are  equal,  the  remaining  vertical  axis  is  either  longer  or 
sliorter  than  they  are ;  there  are  consequently  to  be  considered  the  lateral 
axes  (a)  and  the  vertical  axis  (c). 

The  general  geometrical  expression  for  the  planes  of  crystals  becomes  for 
this  system  mc :  7ia  :  a,  and,  if  this  be  developed  in  the  same  way  as  the  cor- 
responding expression  in  tlie  Isometric  system,  all  the  forms*  geometrically 
possible  are  derived. 

1.       mc  :  na  :  a     [m-n]     when  m  >  1,  n  >  1. 
o     {  c  :a  :  a  [1]       wlien  m=l,  /i=l. 

'    \mc :  a:a 

'  \  mc  :  ooa  :  a   [m-i]  when  m^l,  7i=qo  . 

4.  CO  c  :  7ia  :  a     [i-n]  wlieu  7/i=oo  ,  n  >1. 

5.  cociaia        [/]  when  m=ao,  n=l. 

6.  ccc  looa  :  a     [i-i]  when  m=oo ,  n=oo • 
n  j  (c  :  00  a  :  00  a)  [0]  when  77i=0, 7i=l. 

*    (  or  Oc:  a:  a, 

Cn  tottering  the  planes  the  abridged  symbols  are  osed ;  here,  as  before,  t =00 ,  and  the  unit 
leriA  la  omitted  as  unnecessiuT-,  me  :  coa:  a^m-i^  etc.  These  are  tbe  same  as  the  symbols 
of  Nanmann,  except  that  he  wrote  00 ,  and  added  Pas  the  sign  of  the  systems  which  are  not 
isometric;  0P=O;  oo/^=t-t;  00/*=/;  co Pn-=i'n  \  mPx)  =t7i-i  ;  mP=m  ;  7'— 1;  and 
mPa^m-n. 

A.  Holohedral  Forms, 

Basal  plane, — There  are  two  similar  planes  corresponding  to  the  sym- 
bol c  :  00  a  :  00  a  (or  Oc  :  a  :  a),  parallel  to  both  the  lateral  axes ;  each  is 
called  the  basal  plane.  They  do  not  inclose  a  space,  and  consequently  they 
can  occur  onlv  in  combination  with  other  planes. 

Prisms, — The  planes  having  the  symbol  00  c  :  qo  a  :  a  are  parallel  to  the 
vertical  and  one  of  the  lateral  axes.  There  are  four  such  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
Oj  they  form  the  square  prism,  which  has  been  called  the  diametral  prism, 
%oea  in  f.  106. 

For  the  symbol  00  c  :  a  :  a,  the  planes  are  parallel  to  the  vertical  axis. 

*  The  wocd  form  has  been  freely  used  in  the  preceding  pages;  from  this  point  on,  how* 
erer,  it  needB  to  be  more  exactly  defined.  In  a  crystallographio  sense  it  includes  aU  thf 
planet  geometrioallj  possible,  nerer  loss  than  two,  whloh  hare  the  same  general  symboL 
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e  are,  as  in  the  preceding 
case,  lour  siicli  planes.  Tbej  fonii,  in  combination  with  the  plane  O^ 
tliat  Bqiiare  prism  wliiuh  is  seen  in  f.  107,  and  may  lie  called  the  unii 
prism, .  Both  the  prisms  i-i  and  /  are  alike  in  their  degree  of  symmetry. 
Karh  has  four  similar  vertical  edges,  and  eight  similar  ijasal  edges  ttnlike 
llifi  vertical.     There  are  alsCio  each  case  eight  eimilar  solid  angles. 
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The  form  t-n  (oo  c  :  no ;  o)  is  another  prism,  but  in  this  each  plane  meeta 
one  of  tlie  lateral  axes  at  the  unit  distance,  and  the  other  at  sonie  multiple 
of  ita  nnit  distance.  As  is  evident  in  the  accompanying  horizontal  section 
(f.  113),  this  general  symbol  requires  elgM  similar  planes,  two  in  each 
qnadrant,  and  the  complete  form  is  sliown  in  f.  109.  The  sixteen  basal 
edges  are  all  similar ;  the  vertical  edges  are  of  two  kinds,  four  axial  X,  and 
four  diagonal  Y  (f.  109).  The  regxilar  octagonal  prism  witli  eight  oimilai 
vertical  edges,  each  angle  being  135°,  is  crystallographically  impossible. 


The  planes  1  truncate  the  edges  of  the  diametral  prism  i-i,  as  in  f.  108. 
Similarly  the  planes  i-i  truncate  the  vertical  e^ges  of  /.  The  prism  i-n  be- 
vels tlie  edges  of  i-i,  as  in  f.  110,  where  ^-^.=^-2. 

■  The  relation  of  the  two  square  prisms,  i-i  and  /,  may  be  further  illtw- 
trated  by  the  figs.  Ill  and  112.  In  f.  112  the  sections  of  the  two  piisms 
are  shown  with  the  dotted  lines  for  the  axes,  and  in  f.  Ill  there  are  the 
two  fonna  complete,  the  one  (/)  within  the  other  (i-i).  The  unit  priatn  /is 
sometimes  called  the  prism  of  tlie  first  series^  and  the  prism  i-i  tnatof  the 
tecond  series, 

OcttJiedrona  or  Ptfraviids. — The  forms  ww  and  m  both  give  rise  to 
•quare  octahedrons,  corresponding  to  the  two  kinds  of  square  prisms.  In 
m-t  the  planes  are  parallel  to  one  lateral  axis  and  meet  the  vertical  axia 
at  variable  distances,  multiples  (denoted  by  wi)  of  the  unit  length.  Tha 
total  number  of  such  planes,  for  a  given  value  of  m,  is  obviously  eight,  antf 
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ihe  form  is  shown  Id  f.  114  aDcl  115.     These  planes  replace  the  basal 
edges  of  the  form  shown  in  f .  106,  and  m  varies  in  value  from  0  to  qo 
When  fw=0  the  four  planes  above  and  below  coincide  with  tlie  two  basa] 
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pla:ies;  as  ra  increases,  there  arises  a  series,  or  zone,  of  planes,  with  mu 
tuallj  paniUel  intei*8ections(f.  116) ;  and  when  m=:oo ,  the  octahedral  planes 
rn-i  coincide  with  the  planes  i-i.     The  value  of  m  in  a  particular  species 
depends  upon  the  unit  value  assumed  for  the  vertical  axis  c. 

The  same  form  replaces  the  vertical  angles  of  the  prism  /,  as  in  f.  117. 
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The  octahedrons  of  the  m  series  meet  both  of  the  lateral  axes  at  equal 
'Ustances  and  the  vertical  axis  at  variable  distances.  It  is  clear  that  tlie 
whole  number  of  planes  for  this  form,  when  the  value  of  m  is  given,  is  also 
eiffht,  one  in  each  octant.  When  7/1=1  the  solid  inf.  IIS  is  obtained, 
which  is  sometimes  called  the  unit  octahedron.  As  f/i  decreases,  the  octalie- 
drons  become  more  and  more  obtuse,  till  m=0,  when  the  eight  planes  coin- 
cide with  the  two  basal  planes.  As  w  increases  from  unity,  on  the  other 
hand,  the  octahedrons  or  pyramids  become  more  and  more  acute,  and  when 
n^soo  they  coincide  with  the  prism  /;  this  series  forms  another  zone  of 
planes,  "f hese  octahedrons  replace  the  basal  edges  in  the  form  f.  107,  aa 
aeen  in  f.  119,  and  as  the  octahedron  is  more  and  more  developed  it  passes 
to  1 120,  and  finally  to  f .  118. 
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The  same  form  replaces  the  solid  angles  of  the  form  f.  1 06,  as  seen  ifl 
f.  121,  and  this  too  gradually  passes  into  f.  122  and  f.  114. 
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Tlie  relation  of  the  octahedrons  I  and  1-i  (m  anlm-i)  ie  ths  same  as  that 

of  llie  prisma  /and  i-i  {compare  f.  112),     Similarly,  too,  thoj  are  often 

called  octaliedi-ous  (or  pyramids)  oftlieJ?r«(  (jn)  and  second  (m-t)  series. 

As  wili  be  Bceii  in  f.  123,  l-i  tnmeatea  the  pyramidal  edges  of  the  octahe- 

Ij^ii  1,  and,  eorivei-selv,  the  edges  of  the  octahedron  2-i  are  truncated  by 
iLo  octahedi-oii  1  (f.  124). 

Octagonal  pyramidi. — The   form    m-n  {mc : 
n  I ;  aj  in  this  Bystem  has,  as  in  the  precedii^g  sys-  US 

torn,  tjic  highest  number  of  simitar  planes  whicli 
are  eeumetrically  possible  ;  in  this  case  the  num- 
ber IS  obviously  sixteen,  two  in  each  of  the  eight 
eectants,  as  in  f.  125,  where  «i=l,  n=2.  Tlicse 
sixteen  similar  planes  together  form  the  octagonal 

yramid  (strictly  donble  ■  pyramid)  or  zirconoid,   , 

,  126.     It  has  two  kinds  of  terminal  edges,  the 
axial  £  and  the  diagonal  Y ;  the  basal  edges  are  ' 
all   similar.     It  is  seen  (»«-n=l-2)  in   f.  127  in 
combination  with  the  diametral  priam,  and  in  f.  13S  with  1,  whore  itbevell 
die  vertical  edges. 
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OUier  tetragonal  forms  are  ilhistrated  in 
figures  -2  to  8,  of  zircon  crystals,  on  p.  2; 
f,  8  is  the  most  complex,  and  besides  3-3 
shows  also  the  related  zirconoids  4-4  and  5-5. 

Several  series  of  forms  occur  in  f.  129,  of 
veauvianitc.  In  the  unit  series  of  planes 
there  are  the  octahedrons  (or  pyramids)  1,2, 
3,  and  the  prism  /;  in  the  diametral  series 
[-i,i-i  ;  of  octagonal  prisms,  i-2,  i-3 ;  of  zir- 
jouoids  2-2,  3-3,  5-5,  4-2,  }-3,  the  whole  nnin- 
oer  of  planes  being  154. 


B.  IletniJiedral  Formn. 
Among  heraihedra!  forms  there  are  two  divisions,! 


in  the  isotnotric 


1.  Eemiholofudral,  having  the  fnll  iinnihcr  of  t^aucs  in  half  the  sectantB 
(ffl  Vertically-alternate,  or  sphenuid<d  foi-ms.— The  planes  occur  in  two 
sectants  situated  in  a  diagonal  line  at  one  extremity,  and  two  in  the  tr»n»' 
veree  diagonal  at  the  other. 
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With  octahedral  planes  i{fnc :  a:a)  the  solid  is  a  tetrahcdrr^  (f.  130, 
131)  called  a  apherioid,  having  the  same  relation  to  the  square  prism  of 
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f.  106  that  the  regular  tetrahedron  lias  to  the  cube.  Fig.  130  is  the  j>08?tit>6 
sphenoid  or  -|-1,  and  131  the  negative^  or  —1.  The  form  ^{mo  :  ooa  :  a) 
18  similar.  Fig.  132  represents  the  sphenoid  in  combination  with  the  prism 
i-f. 

If  the  planes  of  each  sectant  are  the  two  of  the  octagonal  pyramid 
^mc  :na:  a)  (f.  126),  the  form  is  a  diploid  (f.  133).  It  is  in  combination 
with  the  octahedron  14  in  f .  134. 

(J)  VerticaUy-directy  or  the  planes  occuring  in  two  opposite  sectants 
above,  and  in  two  on  the  same  diagonal  below.  The  result  is  a  horizontal 
vrism,  or  forms  resembling  those  of  the  orthorhombic  system.  Character- 
izes crystals  of  edingtonite. 

{c)  VerticaUy-ohltqi^.  Planes  occurring  in  two  adjacent  octants  above, 
And  in  two  diagonally  opposite  below,  producing  monoclinic  forms,  as  in  a 
hydrous  ammonium  sulpnate. 

2.  HoloheTaihedral^  all  the  sectants  having  half  the  full  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  two^  half  the  full  number  is 
in  all  cases  one.  Hemihedrism  may  occur  in  the  forms  m-n  (f.  126,  127), 
or  zirconoids,  and  in  the  forms  i-n,  (f .  109),  or  the  octagonal  prism. 

The  following  are  the  kinds  : 

(a)  VerticdUy-direct,  The  occurring  plane  of  the  sectants,  the  right 
one  in  the  upper  series,  and  that  in  the  same  vertical  zone  below,  as  indi- 
cated by  the  shading  in  f.  135  ;  or  else  the  left  one  above,  and  that  in  th« 
Bame  vertical  zone  below,  f.  136. 


180 


137 


138 


139 


(J)  VerticdUy-cdternate,  The  occurring  plane  the  rigfU  above,  and  that 
in  the  alternate  zone  below,  as  indicated  in  f.  137 ;  or  else  the  left  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  right  oi  the  two  planes  above  is  in  the  same  vertical  zone  with  the 
left  of  the  two  below  (supposing  the  lower  end  made  the  upper),  the  two 
kinds  of  the  first  division  will  be  the  rl  m-n  ;  and  the  Ir  in-ii  (in  f.  136  oo 
the  angles  of  the  prism  i-i)  ;  and  the  two  of  the  second  division  the  fY  wi-« 
and  the  Un^n  (in  f .  138,  on  the  angles  of  the  prism  i-i). 
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Wemerite. 


Scheelite. 


Wulfenite. 


The  rompleted  form  for  the  first  methods  has  parallel  faces,  and  is  like  the 
ordinary  square  octahedron  in  shape,  because  the  upper  and  lower  planes 
belon*jj  to  the  same  vertical  zone.  But  in  the  second  it  is  gyroidal ;  the 
upper  pyramid  has  its  faces  in  the  same  vertical  line  with  an  edge  of  the 
lower,  as  represented  in  f.  139,  the  form  U  m-n. 

The  first  of  these  methods  occurs  in  octagonal  prisms,  producing  a  square 
prism,  either  r  i-n^  or  I  i-n. 

Fig.  140  represents  a  com-  140 

bination  of  the  octahedron  1-i 
with  the  unit-octahedi-on  1,  and 
two  hemihedi*al  forms,  one  of 
them  Ir  1-2,  the  other  rl  3-3. 
The  plane  1  shows  the  posi- 
tion of  the  octant  ;  3-3  is  to 
the  right  of  1,  and  1-2  to  the 
left  In  f.  141,  which  is  a  top 
view  of  a  crystal  of  wernerite, 
there  occurs  I  3-3  large,  along 
with  r  3-3  small,  indicating 
hemi/iedrism,  and,  judging 
from  that  of  the  allied  species 
earcolite,  it  is  of  the  square  oc- 
tahedral kind,  rl  3'3  and  Ir  3-3. 
Fig.  142  contains  the  hemihedral  prism  I  i-^,  com- 
bined with  the  unit-octahedron  1,  and  the  basal 
plane  O, 

Variable  elements  m  this  system, — In  the  teti^agonal  system  two  ele- 
ments are  variable,  and  in  any  given  case  must  be  decided  before  tlie  rela- 
tions of  the  forms  can  be  dennitely  expressed. 

{d)  The  positwn  of  the  lateral  a^es, — These  axes  are  equal,  but  there  are 
two  possible  positions  for  them,  for  in  a  given  square  octahedron  they  may 
be  cither  diagonal  or  diametral ;  in  other  words,  given  an  octahedron,  as  in 
f.  115, 116,  the  prismatic  planes  may  be  made  diametral  (t-e*),  and  the  ociahc- 
dron  so  belong  to  the  tn^i  series,  or  the  prismatic  planes  may  bo  made  diag- 
onal, that  is  2  (qo  c  :  a  :  a),  when  the  corresponding  octahedrons  belong 
to  the  m  scries.     The  ratio  of  the  lateral  axes  for  the  two  cases  is  obviously 

1  :  1^2,  or  1  : 1.4142 +  . 

(I)  The  length  of  the  vertical  axis. — Among  the  several  occurring  octa- 
hedrons, one  must  be  assumed  as  the  unit,  and  the  others  referred  to  it.     In 
f.  143,  of  zircon,  the  octahedron  1  is  made  the  unit,  and  by  measur- 
ing the  basal  angle  it  is  found  mathematically,  as  explained  later, 
that  the  length  of  the  vertical  axis  is  0.85  times  that  of  the  lateial 
axe*^.     The  octahedron  3  has  then  the  symbol  3c  :  a  :  a  as  referred 
to  this  unit.     If  the  latter  octahedron  had  been  taken  as  the  f  un- 
davrental  form,  the  length  of  the  vertical  axis  would  have  been    ^    ^ 
3  >:  0.85  times  that  of  the  lateral  axes,  and  the  symbol  of  the  first    ^^^ 
place  would  have  been  \c:  a  \  a,    'VVTiich  form  is  to  be  taken  as 
the  unit  or  fundamental,  that  is,  what  length  of  the  vertical  axis  <?  is  to  be 
adojited,  depends  upon  varioua  considerations.      In  general  that  form  it 
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aaeamed  aa  fniidair.ental  which  is  of  most  common  occurrei.ce  or  to  which 
the  cleavage  is  parallel ;  or  which  best  shows  the  morphological  relations 
(»f  the  ffiven  species  to  othei*s  related  to  it  in  chemical  composition,  or  which 
gives  the  simplest  symbols  for  the  occurring  forms  of  a  species. 

Prominent  charade t'istica  of  ordinary  tetragonal  forms, — The  promi- 
nent distinguishing  characteristics  of  teti*agonal  forms  are  :  (1)  A  synnne- 
trical  ari-angement  of  the  planes  in  fours  or  eights,  (2)  The  frequent  oc- 
currence of  asqiiare  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  of  l35°.  (5)  The  occurrence  of  bevellin<^  planes  on  the 
lateral  edges  of  thb  oouare  prism.  (4)  A  i-esem bianco  of  the  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  dissimilarity  in 
that  the  angles  o\qv  the  basal  edges  do  not  equal  those  over  the  terminal.  (6) 
Cleavage  may  be  either  basal^  square-prisiaaticy  or  octahedral  /  prismatic 
cleavage,  when  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  prisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age ;  the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting ;  the  pris- 
matic may  occur  parallel  to  the  lateral  planes  of  both  square  prisms,  but 
when  so,  tnat  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Planes  of  symmetry. — There  are  five  planes  of  symmetry  in  the  tetra- 
gonal system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  others,  intersecting  in  this  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90°)  to  each  other,  and  diagonal  (46°)  to  those 
of  the  other. 


ni.— HEXAGONAL  SYSTEM. 

The  Hexagonal  System  includes  two  grand  divisions  :  1.  The  Hexa- 
gonal proper,  in  which  (1)  symmetry  is  by  sixes^  and  multiples  of  six ; 
(2)  hemihedral  forms  are  of  the  kind  called  vertically-direct ;  and  (3) 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedral 
hexagonal  form. 

2.  The  Rhombohedeal,  in  which  (1)  symmetry  is  by  threes  and  multi- 
ples of  three,  rhombohedral  forms  being  hemihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  tne  kind  called  vertically-alteniate  ; 
(2)  cleavage,  and  many  other  physical  characters,  usually  partake  of  the 
bemihedrism. 

While  the  rhombohedron  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  properly  so  treated  in  a  system  of  mathema- 
tical crystallography,  it  is  not  so  genetically,  or  in  its  fundamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  which,  under  the  broad  hexago- 
nal system,  are  tetartohedral. 

The  liolohedral  forms,  all  of  which  belong  to  the  Hexiigonal  division, 
are  here  first  described;  and  then  the  hemihedral  forms,  which  include,  be- 
sides a  few  under  the  hexagonal  division,  the  whole  of  the  lihomhohedrai 
division. 

A.  Holohedral  Forms  :  Hexagonal  Division. 

The  general  expression  for  planes  of  this  system  is  mc :  na  :  a  ipa^  where 
Aereare  to  be  considered  the  vertical  axis^  i^  and  three  equal  lateral  axes,  o^ 
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It  IB  evident,  however,  that  tlie  position  of  any  piane  I'e  determined  bv  its 
iutcrscctioiis  with  two  of  the  lateral  axes,  as  itB  direction  with  the  third 
follows  directl}' fi-om  them,  (Compare  f,  146 .J  Conaequeiitly,  in  writiitg 
tlic  sj'iubril  of  any  plane  it  is  neceesary  to  taKe  into  con ei deration  only 
tlio  vertical  axis,  and  two  of  the  lateiul  aites  adjacent  to  each  other. 

Tlie  varions  holohcdral  forms  possible  in  this  Byetem  are  derived  after 
the  analogy  of  thoee  of  the  tetragonal  system.     The  parameters  for  all  the 
liitcml  axes  are  given  below  for  sake  of  comparJiJon.     It  is  to  be  noted  here 
may  be  either  <  1,  or  >  1 ;  »i  is  always  >  I'and  <  2,  while  _p  >  2 


tliat 
Mid< 


J }  further  than  this  it  is  always  true  that  j>= 


■mc  :na:a:  ( />a) 
Ttic :2<i:a:  (2c() 

imc:a:a:  {oo«) 
c:a:a:  (oo  «) 
<x>e:  )ia:a:  (jto) 
00  c :  2« : « :  {2«| 
cocKf.a:  (ana) 
Oo:a:ii:  (u) 


n-1 

i>  1  and  • 


[m-n]  when  m  ^1, 
[711-2]  when  m  g  1,  n  =  z. 
[fft]  when  m  ^1,  n  =  1. 
[IJ  when  Hi  =1,  n^l. 
[i-n\  when  vi  =  <x>,n>  1  and  <  2 
Li-2J  wlien  r«  =  oo ,  n  =  2. 
[/]  when  )n  =  00 ,  n  =  1. 
\0\    when  WJ  =  0,    n  =  l. 


£asal  plaitee. — The  form  O=0c  '.a:a  inoliides   the   two  basal  planea 
bove  and  bclo^v,  parallel  to  the  plane  of  the  lateral  axes. 
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j> 
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Prisms. — The  form  7=00  c:  a  :  a  comprises  the  six  planes  parallel  to 
the  vertical  axis,  and  meeting  the  two  adjoining  lateral  axes  at  eqnal  dis- 
tances. These  six  planes  with  the  basal  piano  form  the  hexagonal  unit 
prism,  f.  144.  The  form  i-^—ia  c:2a:  a  includes  the  six  planes  which 
are  parallel  to  the  vertical  axis  but  meet  one  of  the  lateral  axes  at  the  nnit 
distance,  and  tlie  other  two  at  double  that  distance.  These  plai.t^i  with  the 
basal  plane  form  the  diametral  prism,  f.  145.  The  relations  ot  the  two 
prisms  /  and  i~2  are  shown  in  f.  146.  In  f.  147,  it  will  be  seen  that  the  one 
prism  truncates  tlie  vertical  edijes  of  the  other.  The  faces  of  the  *-S 
make  an  angle  of  150°  with  the  faces  of  /,  These  two  piisms  have  an  inti- 
mate connection  with  each  other,  and  together  form  a  regular  twelve-sided 
prism, — a  prism  which  is  crystal  lographically  Impossible  except  as  the  rasDll 
of  tbe  combination  of  these  two  <iifiFerent  forme. 
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The  form  »-2  is  a  ape4:Ul  case  of  the  general  form  t-n  or  x  c  :  na  :  a. 
When  n  is  s<imc  number  Icsg  than  2,  and  gretOer  than  I,  there  must  be  twc 

?laneG  aiisirering;  t)ie  given  conditions  iu  each  sectaut,  and  twelve  is  all 
tether  llicy  form  tlie  dihexasrtual.  or  twelYe«ided,  prism.  This  prism 
bevels  the  edyes  of  the  prism  I,  and  the  vertical  edges  are  of  two  kinds, 
axial  and  diai^nal.  The  values  of  m  must  lie  between  1  and  2  ;  some  of 
llie  occurring  fonne  are  t-J,  i-\,  etc 

Hexagonal  pyramids,  or  (^aartsoitU. — The  symbol  \=c  :  a  :  a  belongs 
to  the  twelve  planes  of  the  unit  pyramid,  f.  US,  while  the  general  fiHin 
tn  =  mc;  a  :  a  includes  all  the  pyramids  in  this  series  where  the  length  of 
the  vertical  axis  is  some  multiple  of  the  afisumed  unit  lengtli.  As  iii  the 
tetragonal  system^  when  m  diminishes,  the  pyramids  became  more  and 
more  obtuse,  and  the  form  passes  into  the  basal  plane  when  m  is  zero , 
while  as  m  increases,  the  pyramids  become  more  and  more  acute,  and  finally 
coincide  with  the  prism  /  Tliese  pyramids  conseqaently  rephu.-c  the  basal 
edges  between  O  and  /,  f.  149,  and  with  them  fiirm  a  vertical  zona  of  planes. 

The  pyramids  of  the  mi  series  have  the  same  relation  to  those  of  them 
series,  just  described,  that  tl»e  prism  j-2  has  to  the  prism  /.  They  replace 
the  iMfial  edges  between  i-'i  and  O  (f.  14^),  and  as  the  value  of  m  varies, 
give  rise  to  a  series  or  zone  of  planes  between  these  limits. 

The  pyramids  of  both  the  first  (jn)  and  the  second  (ni-2)  series  are  well 
abown  iu  f.  150,  of  apatite.  In  the  first  series  there  arc  the  pyramids  \,  1, 
aD**  2  ;  and  In  the  second  series  the  pyramids  1-2,  3-2,  and  4-2.     The  cor 
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re^K>ading  prisms  /  and  i-S  are  also  shown,  and  tlte  zones  between  each  of 
them  and  the  basal  plane  O  are  to  l>e  noticed.  Attention  may  also  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
tical edges  of  the  pyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1; 
while  the  latter  form  (1)  also  trancates  the  vertical  edges  of  1-2,  as  is  seen 
in  £147. 

Dihexagonal  jtyramida,  or  Beryd'Ads. — The  general  form  mcijuna 

Sivea  the  largest  number  of  similar  planes  poesihie  in  this  system,  which  is 
ere  obviously  twenty-four,  that  if,  (to  iu  each  of  the  twelve  sectants. 
These  pyramids  correspond  to  the  prisms  of  the  i-n  series,  and  iorm  the 
dibexagonal  pyramids,  or  berylloids.  as  in  f.  151. 

The  berylloid  has  three  kinds  of  edges :  the  axial  edges  X  (f.  131, 152), 
oonnecttng  the  apex  with  the  extremity  of  one  of  the  axes ;  the  diagnuJ 
edges  Yy  and  the  basal  edgea  Z 
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In  the  upi^er  pyramid,  one  of  these  two  planes  for  each  sectant  may  b« 
distinguished  as  the  rigM^  and  the  other  the  lefty  as  lettered  in  f.  152;  and 
tlie  same,  after  inverting  the  crystal,  for  those  of  the  other  pyramid.  It  is  to 
be  observed  that  in  a  given  position  of  the  form,  as  that  of  f.  151,  the  tigki 
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of  the  upper  pyramid  will  be  over  the  left  of  the  lower  pyramid,  and  the 
reverse.  Fig.  153  represents  the  planes  of  such  a  form  m-n  combined  with 
the  unit  prism  /,  and  the  planes  are  lettered  I,  r,  in  accordance  with  the 
above,  in  f .  154,  of  a  crystal  of  beryl,  the  prism  /  is  combined  witli  the 
pyramids  1,  2,  2-2,  and  the  berylloid  3-}. 
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B.  Hemi/iedral  Forms. 

I.  Vkrtioally  Dibkot. — The  planes  of  the  upper  range  of  sectants  being 
in  the  same  vertical  zone  severally  with  those  below. 

{A).  Heiniholohedral, — Half  the  sectants  having  the  full  number  of 
planes : 

1.  Trigonal  pyramids, — The  diametral  pyramid  m-2  is  some- 
times thus  hemihedral,  as  in  the  annexed  figure  (f.  155)  of  a  crys- 
tal of  quartz,  in  which  there  are  only  three  planes,  2-2  at  each 
ftxtremity,  and  each  of  those  above  is  in  the  same  zone  with  one 
below.  The  completed  form  would  be  an  equilateral  and  symme- 
trical double  three-sided  m^ramid. 

2.  Trigonal  prisms, — The  occurrence  of  three  out  of  the  six 
planes  of  the  prism  /,  or  i-2,  produces  a  three-sided  prism.     The  prism  1 
IS  thus  hemihedral  in  tourmaline  (f.  156,  a  top  view  of  a  crystal),  and  the 

Erism  i-2  in  quartz.     Both  these  forms  properly  belong  to  the  Rhombo- 
edral  division. 

3.  DitrigoTial prisrns. — An  hexagonal  prism  hemihedral  to  the  dihexago- 
nal  prism  occurs  in  quartz  and  tourmaline,  the  hexagonal  prism  sometimes 
having  only  the  alternate  vertical  edges  bevelled,  as  in  f.  185,  and  f.  186, 
p.  40. 

(B).  Ilolohemihedral, — All  the  sectants  having  half  the  full  number  of 
p.anes: 

1.  Hemi'dihexa^onal  pyramids, — Each  sectant  has  one  out  of  the  two 
planes  of    the  dihexagonal  pyramid  (f.  151,  153);    this  is  iidicated  bj 
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the  shading  in  f.  157.     The  occni-ring  plane  may  be  the  right  al>ove  and 
left   below,  or  left    above   and  ris^ht  below,   and  the  form  accordingly 
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either  rl  m-n,  or  Ir  m-n.  Examples  of  the  first  of  these  occur  in  f.  158, 
representing  a  crystal  of  apatite,  the  planes  <>(3-f ),  and  o\^^)  being  of 
tins  kind.  This  nietliod  of  hemihedrism  occurs  only  in  f(»rms  that  are 
trne  hexagonal ;  it  is  often  cMed  j)yr amidol  heinUtedri^m. 

II.  Vertically  alternate,  the  planes  of  the  upper  range  of  sectants 
being  in  zones  alternate  With  those  below. 

{A)  Hemiholohedral  formsy  or  those  in  which  half  the  sectants  have  the 
full  number  of  planes  as  in  the 

Rhokbohedral  Division. 

1.  RhomhohedronSy  and  their  rdatimi  to  Hexagonal  forms, — The  rhora- 
bohedron  is  derivable  from  the  hexagonal  pyramid  by  a  suppression  of  the 
alternate  planes  and  the  extension  ot  the  others.  In  f.  159,  if  the  shaded 
planes  in  rront  and  the  opposite  ones  behind  are  suppressed,  while  the  others 
are  extended,  a  rhorabonedron  will  be  derived.  This  is  further  shown 
in  f.  160,  where  the  hexagonal  pyramid  is  represented  within  the  rhom- 
bohedron.  Another  similar  rhombohedron,  complementary  to  this,  would 
result  from  the  suppression  of  the  other  alternate  half  of  the  planes.  One 
of  these  rhombohearons  is  called  minus^  and  the  other  plus  (f.  161,  162). 
The  form  in  f.  148  is  made  up,  under  the  rhombohedral  system,  of  -¥li 
and  —li  (or  +1  and  —1)  combined,  as  in  the  aimexed  figure  (f.  163),  of  a 
f  rystal  of  quartz. 
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Fig.  164  shows  the  combination  of  the  rhombohedron  with  the  pnsm  / 
In  f.  165  the  former  is  more  developed,  and  it  finally  passes  into  the  com 
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plete  rhombohedron,  f.  161.     In  f.  1G6  the  rhombohedral  planes  occur  on 
the  alternate  angles  of  the  diagonal  prism  t-2. 

The  symbol  of  the  nnit  rhombohedron  as  referred  to  the  hexagonal  syfr 
tein  is  i{c  :  a  :  a),  a  second  rhombohedron  may  be  i{2c  :a  :  a)  and  so  on : 
it  is,  however,  more  simple  to  write  only  -h/?  or  — -ff,  and  +2jff  or  — 2-ff,  and 
M>  on  ;  or,  where  there  is  no  confusion  with  the  symbols  of  hexagonal  forma, 
as  H-1,  —1,  and  -f  m,  — m. 
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This  hemihedrism  resulting  in  the  riiombohedron  is  analogous,  in  th« 
iltemate  positions  of  the  planes  above  and  below,  to  that  pi'Sducing  the 
tetrahedron  in  the  isometric  system.  But  owing  to  the  fact  that  there  are 
three  lateral  axes  instead  of  two,  the  rhombohedron  has  its  opposite  faces 
parallel,  unlike  the  tetrahedron. 

In  f.  167  the  planes  H  belong  to 
the  rhom!)ohedron  -f-1 ;  f  to  the 
rhonilK>hedr()n  -l-f ,  having  the  verti- 
tical  axis  fo ;  6^  is  the  basal  plane, 
or  mathematically  the  rhombohe- 
dron 0,  the  vertical  axis  being 
Oc.  I  i»  the  hexagonal  prism 
00  :  1  :  1,  or  more  pro])erly  a  rhom- 
bohedron with  an  infinite  axis,  oqc 
On  the  opposite  side  of  I  the  planes 
are  rhombohedral,  but  belong  to  the 
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mimi^  series;  —{has  the  vertical 


Calcite. 


axisj/?;  -4,4c;  -2,  2c;  — |,  ft?, 
tins  last  being  complementary  to 
4-t,  and  the  same  identical  form,  except  that  alltlie  paits 
are  reversed.  Fig.  168,  ^l-7i'rci)repcnt  different  rhombo- 
hedrons  of  the  S[)ecie8  cahtite:  ^1,  the  rhombohedron  1; 
B,  — i;  O,  —2  ;  Z>,  —J;  K,  4  ;  having  respectively  for 
the  vertical  axis,  Ic,  ^c,  2f,  \i\  4r',  with  6'=0.8543,  the  lat- 
ei*al  axes  being  made  equal  to  unity.  In  f.  169  the 
rhoml)ohedron  2  (or  2/i?)  is  combined  with  —1  (or  —iff), 
the  latter  truncating  the  terminal  edges  of  the  former. 

In  relation  to  the  series  of  -i-  and  —  rhombohedrons  it 

is  important  to  note  that,  since  the  position  of  — i/if  is  that 

of  the  vertical  edge  of  -h7i',  in  combination    with  it,  it  truncates  tlrjeso 

edges.     Similarly  -\-\R  truncates  the  same  edges  of  — i^,  and  so  on. 
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AlBO+^trancateetliecdgesof  — 2;?,and  -R  tlio  edges  of  +&/;(£.  169), 
—  2fi  truncates  the  edges  of  +45,  and  bo  on. 

2,  SeaUnohedrons  ;  jurms  kemihedral  to  the  dikcxagonaZ  piframid. — At 
the  rhombohedron  is  a  hciMihcdral  licxogoual  pyi-amid  or  quartzoid,  bo  a 
scalenohedrou  is  a  hetuilicdcal  di hexagonal  pvi-amid  or  berylloid.  Tlie 
method  of  bemthedrism  is  similar  by  the  siippressioii  of  tlie  plauee  of  tho 
aiteriiatti  sectaiits,  as  indicated  by  tlie  shading  in  f.  170  (analogous  to  f.  irid) 
aud  the  exteDsiou  of   those   of  the   other  eectants.     A  scaleiiohcdroa  ii 


repreeented  in  f.  171,  a  hexagonal  double  pyramid  with  a  zig-zag  basal  out- 
line, and  three  kinds  of  edges;  the  shorter  terminal  edge  X,  tlie  longer 
terminal  edge  Y,  and  the  basal  edge  Z;  the  lateral  axes  terminate  in  the 
middle  of  tlie  edges  Z.  There  are  plus  and  minus  acaleiiohcdrons,  as 
there  are  plita  anif  minus  rhombohearons,  and  thej  bear  the  same  rela- 
tion to  eacli  other. 

The  relations  of  tlie  form  to  replacements  of  the  rhom- 
bohedron are  illustrated  in  the  other  figures.  Fig,  172  repie- 
sents  a  rhombohedron  (+1  or  It)  with  its  basal  edges  bevei- 
le-] ;  and  this  bevclraent,  continued  to  the  obliteration  of  the 

K lanes  R,  produces  the  scalenohedmn  shown  by  the  dotted 
nea.  The  scalenohedron  in  f,  171, 173  has  the  vertical  axis 
equal  to  Zc,  or  three  tiines  as  long  as  that  of  li,  the  latei-al 
axea  of  both  being  equal ;  and  hence  it  is  that  the  pianos  arc 
lettered  1',  tlie  1  referring  to  the  rhombohedron  and  the 
index  *  being  tlie  multiple  that  gives  the  value  of  the  vertical 
axis  of  the  scalenohedron. 

In  f.  173  there  are  two  scalenohedrons  of  the  same  series, 
viz.,  1*,  1',  combined  wilJi  the  rhomb<)hedroii8  R  {or  +1)  and 
+4.     Fig.  174  shows  the  scalenohedron  —  1'  combined  with 
the  rhombohedron  —4  (or  — 4/if);  and   175,  the  same  with  the  rhombohe- 
dron 5  (+511). 

Other  scalenohedrons  replace  the  basal  angles  of  a  rhombohedron  by 
two  BimiUr  planes  (f.  176);  or  bevel  the  terminal  edges;  or  replace  the 
teminal  solid  angles  by  six  planes,  two  to  each  terminal  edge,  or  to  eaeb 
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rbombohedral  face ;  a  id  they  will  be  relatively  +  or  — ,  accordtr.j:  to  thcii  ■ 
position  in  one  or  the  oUier  set  of  liectaiits,  as  has  been  explained.  Fig.  17'( 
represeDte  tlie  top  view  of  a  crystal  of  tourmaline.     It  contains  the  rbombc.^ 


hedral  planes,  J*,  5,  V"!  ~h~h  —f,— 2,  along  with  the  sailenohedrons  ~i', 
—^',—^',1},  1*.  and  also  two  otbera  bevelling  the  terminal  edges  of  the 
rhombohcdron  Ji. 

The  scklenohedroiu  — i',  — i',  —i',  bevel  the  bsaal  edgea  of  the  ritombohedron  — |;  and 
coiueqiientlj'  the  lengths  ot  the  kzee  aie  reapecdiel;  3,  3,  G  timea  that  of  the  Thombohedron 
i,  and  hence,  eqnol  Is,  |s,  ^  Everjr  i(»kleiiohetlroii  oorreapoiids  to  a  berelment  of  the 
boBol  edges  of  boido  rbombobedcon — uid  that  particular  one  wfatwe  l&t«nil  eJgee  are  pknilel 
to  thoM  of  the  acaleaobedTOD.  The  Bjmbols  for  them  oocording!;  are  made  ap  of  the 
■ymbol  of  the  chombnhedTon  and  an  index  which  expressea  the  relaUan  of  its  Tet^oal  aiia 
as  to  leogbh  to  that  of  tiie  ihombohedron,  ocoordinj;  U>  a  method  proposed  b7  NanmMun. 
(See  p.  73. ) 

j,^g  Ilc.vagoiml  pyramids  of  the  jh-2  or  diagonal  series  occnr  in 

many  moinboliudrul  species ;  as  f.  178  of  eonindnm,  which 
contains  4  2(/'),4-:i,  Y"^  (f(.r9-2  on  the  figure  read  *^^,EUia), 
along  wttb  the  rhonihohedjx>n  I,  and  the  l)a^I  plane  0\  also 
f.  Itii,  in  which  is  the  pyramid  2-'2.  Ilemihcdral  forma  of  tlie 
same  pyramids  (of  the  Rind  described  on  p.  34)  are  met  with  in 
rhomlHihcdral  epecies,  but  only  such  as  have  also  tetartohedral 
modifications.  Ilemihedi'al  foi-ms  nf  the  hexagonal  and  dihex- 
agunal  prisms  (p.  &4)  are  alao  characteristic  of  si  une  rlKimbohedral 
Bpccies,  and  of  those  that  have  either  letartohedral  or  hemimorphic  nioditi- 
cations. 

-_.  Fig.   179  UlOBtrates  the  relative  pOBitions  of   the  aonea  oE 

the  +  and  —  rhonibohedrona,  and  diagonal  pjramida  n-S 
alteniatiog  with  regiona  of  -^  and  —  acalenohedrona  in  the 
scheme  of  the  rbombabedral  EyHtera.  The  Qgoie  is  auppoaed 
to  be  a  Cop  view.  It  ia  aimilar  to  f,  153.  p.  'Ai,  and  like  that 
coabains  the  opper  plonea  of  the  diheiugonal  pynuuid ;  bnt 
these  are  divided  between  a  jittn  auii  a  niinut  scnleiiohcdron, 
those  planes  markeil  +  being  the  former,  nnd  the  oUicrx  <,—  j  Iha 
latter.  The  throe  lateral  axiw  are  lettered  eiich  b/i.  The  poai' 
tionof  the  +7M/f  zoneof  pluiien  lur  ;>2u' r1ioiiibohedrone)relativ« 
to  the  scalenohedioni  is  shuwu  b;  the  lettering  +if;  of  tin 
—  ni/f  zones  (orrm'iiuicihambuhcdruDfi)  b;  —li.  The  position  of 
the  vertical  xoue  of  in-3,  or  diametral  pyramidal  planea,  ia 
indicated  by  the  letter  il.  The  order  of  saccession.  Ueginniu 
M  vatenuiial  aeotanta  ithe  one  in  the  medial  line  below)  and  nmnberltiy  ■ 
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(1)  PliM  fM»leiiohedroii8,  or  planes  of  the  general  form  +M*. 

(2)  Zone  of  pins  rhombohedrons,  +mR. 

(3)  Plos  Bcalenohedrons,  or  planes  of  the  general  form  +m". 

(4)  Zone  of  diagonal  pyramids,  in-2. 
(o«  \finu8  scalenohedrons,  or  planes  of  the  general  form  — m". 

(6)  74oae  of  minus  rhombobedrons,  —mR. 

(7)  liinos  soalouohedrons,  —  m". 

(8)  Zone  of  diagonal  pyramids,  m-2. 

(9)  Plos  scalenohedrons,  -tm", 

(10)  Zone  of  plus  rhombobedrons,  '\-mIi. 

(11)  Plus  Msalenohedrons,  +i7i". 

(12)  Zone  of  diagonal  pyramids. 

hud  so  on  around,  as  the  figure  illustrates.  In  the  lower  pyramid  the  order  of  suocesaion  k 
the  same  ;  but  the  plus  planes  are  directly  below  the  minus  of  the  above  view  of  the  apper 
pyramid. 

The  plus  scalenohedrons  have  the  pyramidal  edge  over  the  -k-mH  section,  the  man 
obtuse  of  the  two  (or  edge  Y)  ;  and  the  miniu  scalenohedrons  have  that  edge  the  lees  obiun 
(or  edge  X),  and  tiiat  over  the  —mB  section  the  more  obtuse  (or  edge  T). 

B.  HoloJiemiftedraZ  fonnSy  or  those  in  which  all  the  sectants  have  half 
the  full  nnmber  of  planes  (as  shown  by  the  shading  in  f.  180). 

O^yroidaly  or  trapezoliedral  fortns. — Of  the  planes,  in  f.  181  thei'e  would 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettei-ed  Z,  l^  and, 
unlike  f.  157,  the  planes  above  and  below  are  not  in  the  same  zone.    The 
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form  is  consequently  gyroidal^  the  planes  being  inclined  around  the  prism, 
lH>th  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  plagihedral.  The  symbol  for  the  planes  is  rr  m-n^  or 
C  iT^-n,  accoi*ding  as  the  occurring  planes  of  the  two  in  the  same  sector  are 
the  right  or  the  left.    Fig.  182  is  an  example  of  U  6-f  in  the  species  quartz. 

C.  TetartohedraZ  Forms. 

These  forms  are  hemihedral  to  the  Rhombohedron. 

(A)  SoloTnorphicforms^  like  the  preceding  hemihedral,  the  planes  occur- 
ring equally  in  the  upper  and  lower  ran<^e  of  sectants. 

1.  Rhomhohedral  tetartohedrism. — Occurring  planes  the  alternate  of 
those  mentioned  on  page  35,  that  is,  the  alternate  planes  r  of  one  base, 
and  I  of  the  other.     They  are  the  r  of  three  alternate  sectants  above,  and 
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the  ^  of  three  Bectauts  below  alternate  with  thcee.  A  form  of  this  land 
consists  of  six  equal  planes,  equally  spaced,  aud  hence,  equal  iu  inclina- 
tiona,  and  is  tJiereforc,  iu  the  completed  state,  a  rhumboliedron.  It  oocnn 
in  meuaccaiiite  or  titanic  iron,  and  in  quartz  (f.  183,  planes  13-|}). 

2.  Gyroidal  or  trapesokedral  tetartohedritmt. — Occurring  planes  the 
alternate  of  those  lettered  r  or  /  in  f .  153,  p.  34,  that  is,  the  alternate  planei 
r,  or  alternate  I,  of  both  liasbs. 


Qaa»u 
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In  f.  185,  the  planes  o',  o",  o'  , 
tovxrright,  the  last  left)  are  examples.  Tlic  nppei-  and  lowi 
the  same  diametral  plane,  but  are  on  opposite  sides  of  it,  and  therefore  the 
three  sectants  containing  planes  below  are  alternate  with  tlie  three  above. 
The  solid  made  of  these  six  planes  (f.  1S4)  has  trapezoidal  faces,  and  it 
called  a  trigonotype  by  Ts'aumHnu. 

The  tetartohedral  planes  on  quartz  and  cinnabar  have  a  remarkable  con- 
nection with  the  circular  polarization  which  is  characteristic  of  them 
both,  and  whicli  is  further  explained  elsewhere  (p.  142). 

(B)  Ileinhiwrphic  fornw ;  the  planes  occurring  either  in  the  upper  or 

the  lower  range  of  sectants  and  not  in  both. 

There  are  two  kinds  of  forms:  (1)  tlie  hemi'rh/nnhoh&iroTi,  and  {2)  tlie 

jofl  hemi-8CaUnohedron.     Fig.  186  illustrat&seach  of  tliese 

forms.     The  form  R  is  properly  hemiliedral  at  the  twe 

extremities,  its  planes  being  very  large  at  <ine,  and 

quite  small  at  the  other.     So  with  — i.    Another  rliom- 

bohedron,  —2,   occurs   only  at   the   npi)er  extremity. 

Again,  i'  is  a  hemi-scaliinohedrou,  the  upper  six  planet 

being  present,  but  not  the  lower. 

The  prism  /  in  this  fignre  is  hemihedml,  as  explained 
on  p.  34.  It  is  not  tetartohednil  to  the  hexagonal 
system  in  the  ordinary  view.  But  sini-c  in  a  vertical 
zone  +mR,  w  /?,  —mil,  the  »  Jt  may  lie  i-cgarded  aa 
the  infinite  term  <»f  either  the  +vi!t  series,  or  else  the 
same  of  the  —niT?  series;  and  as  this  view  accords  with 
the  Ictartohedral  character  of  the  mli  series  in  all  such 
crystals,  it  might  he  ranked  among  tctnrtoliedral  fonna 
From  tlie  Nime  point  of  \-iew,  the  ditrigonal  prisms  in  tourmaline  kutf 
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quartz  are  tetaitohednd,  ainoe  they  may  be  regarded  as  either  pins  or  mmia 
tetartohedral  scalenohedrons,  with  an  infinite  vertical  axia. 

Variable  dements. — In  the  hexagonal  system  the  same  elements  aie  van* 
able  aa  in  the  tetragonal  (see  p.  30).  Li  other  words,  the  position  of  the 
vertical  axis  is  fixed,  but  (1)  a  certain  length  roust  be  assumed  as  tlie  unit 
ill  a  given  species,  and  also  (2;  the  position  of  the  lateral  axes  must  be  fixed, 
for,  as  in  f.  144,  145,  either  of  the  hexagonal  prisms  may  be  made  I  and 
the  other  t-2. 

The  general  characteristics  of  this  system  which  the  student  must  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sizeBy 
or  their  multiples ;  (2)  The  frequency  of  the  angles  120°  and  150°  in  the 

Erismatic  series ;  (3)  The  rhombohednd  cleavage,  common  in  speciea  be- 
>nging  to  the  rhombohedral  division.  It  is  also  important  to  note  thai 
many  lorms  apparently  hexagonal  really  belong  to  the  orthorhombic  system, 
being  produced  by  twinning  parallel  to  the  vertical  prism  ;  e^.^  the  appar- 
ently hexag(»nal  prisms  of  aragonite.  The  close  relation  of  the  two  systems 
is  spoken  of  elsewhere  <  p.  4^  l 

xhe  planes  of  s^fminetry  for  the  holohcdral  forms  are  analogous  to  those 
in  the  tetragonal  system ;  that  is,  one  principal  plane  of  symmetrv  normal 
to  the  vertical  axis,  and  six  others  intersecting  in  this  axis,  l^hese  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60°,  and  diagonal  to  those  of  the  other. 


IV.— ORTHORnOMBIC  SYSTEM. 

In  the  Obthokhombic  si^teic  the  three  axes  are  unequal  c,  ^,  d ;  of  theae 
i  is  the  vertical  axis,  b  is  made  the  longer  of  the  two  lateral  axes,  or  the 
inaerodiagonal  axis,  and  d  the  shorter  lateral,  or  hrachydiayonaij  axis.* 

The  different  occurring  forms,  deduced  aa  before  from  the  general  f-?- 
oression,  are: 

[m-n]  Ko^ezfd>za        [^1 

[w]  ccezb  :a  [/] 

[1]  X  c  :  6  :  3c  a  [i-f 

[iw-i]  00  ^  :  3c  ft  :  a  [kF 

[wi^lj  Oezbza  [tX 

ne  ■hffiilfiwl  MfmbolM  need  Terr  liula  frplanatioo  aiMftional  to  that  giroi  on  pi  SSl    Jla 

I,  «Blf  the  eaKBtial  part  of  the  ijmbol  is  girai;  at  is  wznten  Szst.  and  r^cza  maB 

to  the  Tdtieal  axis  («>,  and  a  refera  to  one  of  the  latenl  axea,  whether  the  loBfer  {l) 

Ktcr  {d   m  mdicatrd  bj  the  si^  piaoed  orer  it,  as  n  or  n.     When  »=x .  this  is 

bj  the  •  hitherto  used,  and  the  sifn  U  placed  orer  it.  i,  or  f,  with  the  asiiie  m^air 

Theae  luiresyutti  to  the  symbois  used  bj  Sanmami,  m  follcwa:  0=vPi  iA=s 

PSb;  »4=4Di%;  aDP>i=v%;  wkPi^=w^i-^  mP=m;  sa-ii^atPii, 


ai  the  axes  thaa  lettered  to  thoas  ef  Dana's  SjFatea  at 
tf  etibar  MiA VB,  aaa  p.  SIL 
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A.  Hololiedral  Fmnns, 

Pinacoids. — The  final  case  mentioned  in  the  above  enumeration  era 
f>!*ace8,  as  before,  the  two  basal  planes,  or  basal  pinacoids ;  the  one  pre- 
icdiuii^  it  includes  the  two  planes  parallel  to  tlie  vertical  and  macrodiagonal 
itxes  (ti  and  J),  called  the  macropinacot<h,  and  the  next  above  includes  the 
planes  pMrallel  to  the  vertical  and  brachydiagonal  axes  (o  and  a),  called  the 
bracht/piiiacoids.  These  three  sets  of  planes  together  foim  the  solid  ifi 
f.  188,  which  is  called  the  diametral  prism.  In  consequence  of  the  ine- 
quality of  the  different  paiiB  of  planes  there  are  only  four  similar  edges  in 
any  set;  thus  four  similar  vertical  edges;  four  macrodiam)nal  basal  edges, 
two  above  and  two  below,  between  0  and  i-%  ;  and  similarly  four  bnuuiy- 
diagonal  basal  edges  between  O  and  i-i ;  the  eight  solid  angles  are  idl 
similar. 


187 
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Prisma, — The  form  oo  (? :  6  :  a,  or  /,  includes  the  four  planes  of  the  unit 
prism  which,  in  combination  with  O^  is  seen  in  f.  187.  In  this  case  the 
eight  basal  edges  ai^e  similar,  being  made  in  each  case  by  a  similar  pair  of 
planes  O  and  L  Of  the  vertical  edges  there  are  two  pairs,  those  at 
theextremity  of  the  axis  d^,  which  are  obtuse,  and  those  at  the  extremity 
of  b^  which  are  acute.  Similarly,  there  are  two  sets  of  basal  s<;lid  angles, 
four  in  each;  for  though  each  solid  angle  is  formed  by  the  meetingof 
the  same  three  planes,  the  angles  are  different  in  the  two  cases,  xhe 
form  1  replaces  the  four  similar  vertical  edges  of  f.  188  ;  the  macro- 
pi  nacoids  iA,  truncate  the  obtuse  vertical  edges  of  the  prism  /,  and  the 
I'lachypinacoids  t-1^  truncate  the  acute  vertical  edges  of  /,  as  shown  in  f.  189. 
There  are  two  other  series  of  prisms  with  symbols  '^c\nh  \  a  and 
'*->  c\h  \  7ia.  In  the  latter  series  the  axisd  is  made  the  unit ;  the  reason  for 
this  will  be  obvious  when  the  relations  of  the  two  forms  are  explained. 

The  prism  /  meets  both  axes  a  and 
5  at  tlieir  unit  lengths,  as  in  f .  187. 
If,  now,  the  prismatic  planes  meet 
the  longer  lateral  axis  {b)  at  a  greater 
distance,  a  prism  is  formed  such  as 
that  in  f.  190,  whose  symbol  is  i>2,or 
CO  G  :  2b  :  a.  This  is  a  macitxliago- 
nal  prism  ;  and  othei*s  might  have 
the  symbols  i-i  (coo  :  35  :  a),  i-i  (oc- c  :  45  :  a),  and  so  on,  or  in  general  i^ 
If  n  becomes  less  than  unity,  the  case  shown  in  f.  191  arises  where  the 
inner  prism  has  n=i,  and  the  symbol  is  i-l  {oociib  :  a\  still  retdiniiiff  d  as 
the  unit  axis.  For  convenience  of  reference,  however,  the  principle  before 
explained  (p.  11)  is  made  use  of,  and  the  plane  is  called  qo  o  :  5  :  2a,  or  t-i; 
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thete  oxpreeeione  and  tlioee  before  given  being  idectical,  except  tliat  ra 
the  latter  case  b  is  the  unit  axis.  By  tliis  iiietliod  the  uae  of  aiij  fi-actiuui 
lees  than  nnily  ie  avoided.  The  inner  prism  i-^,  indicated  by  dotted  linea 
in  f.  101,  tlieii  becomes  the  unter  prism  or  i-i.  The  prisms  of  tlio  general 
form  i-/i,  are  called  bi-uch)'dii^onal  prisms. 

The  prisms  i-u  bevel  the  front  and  rear  (obluae)  edjres  of  the  prism  /, 
1. 192,  and  the  prisms  i-'i  bevel  the  side  (acute)  edges  as  in  f.  193.  Further, 
the  former,  vn,  replace  the  eda:es  between  i-t  ana  /  (f.  194),  while  the  i-A 
prisms  re))lace  the  edges  between  i-l  and  J  (f.  194). 

This  series  of  planes  (f.  194),  from  t-i  to  t-i,  is  another  example  of  a 
cone;  all  the  planes  make  parallel  intersections  with  each  other,  being  alike 
in  that  they  are  parallel  to  the  vertical  axis. 


F?^ 
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Domea. — The  form-mc  :  «  J  :  a  includes   the    four   planes   which   . 
parallel  to  the  macrodia^nal  axis,  and  meet  the  vertical  axis  at  rariabla 
distances,  multiples  of  the  unit  length  (see  f.  34,  p.  11).     An  example  of 
them   in  combination  with   i-i,  the  brachypinacoid,  is  shown    '"       ■""" 
Theee  planes  are  called  macrodomea  (see  also  f.  196). 


1  f.  195. 


The  form  me  -.biooa  inclndes  four  anali^ous  planes,  which  differ  in 
tliia  respect,  that  thej  are  parallel  to  the  brachydiagonal  axis,  and  are  heoM 
cmlled  brachydomea  (see  f.  35,  p.  11).  lu  tliia  case,  the  longer  lateral  azii 
is  taken  as  the  nntL  Fig.  197  shows  two  such  bracliy domes,  1-!  and  ^i^ 
in  uombinatioD  with  other  forms.  (See  also  f.  19S.)  The  woiil  donu,  used 
hero  and  above,  is  derived  from  ^n^,  or  domus,  a  fwnse,  tlic  form  lesein- 
bling  the  roof  of  a  house. 

Tne  con:hinatton  of  I-i  with  l-l  is  shown  in  f.  199,  forming  a  rectangular 
uctahedron,  and  in  f.  200  they  are  shovi-n  replacing  the  solid  angles  formed 
by  /  and  <?,  as  in  £.  ISS.  As  either  of  the  three  directions  may  be  made 
the  vertical,  it  is  evident  that  these  domes  differ  from  vertical  prisms  only 
in  positifMi. 
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The  occurrence  of  these  domes  in  combination  with  the  other  forma,  O^ 
y^i^I^  affords  an  illosti-ation  of  the  law  of  symmetry  that  all  similar 

parts  must  be  modified  alike.  Thus  in  f. 
187,  as  has  been  shown,  there  ai-e  two  seta 
of  solid  angles,  four  in  each ;  one  set  is 
replaced  by  the  four  planes  of  the  form 
m-t,  and  ii  one  is,  all  must  be ;  and  tlie 
other  set  (lateral)  is  replaced  by  die  four 
planes  of  the  form  TTi-i,  f.  200. 

Octahedrons  {or  Pyramids), — ^The  sym- 
bol o  :  &  :  a  (1)  belongs  to  the  unit  octahedron  (f.  201).  It  replaces  tlie 
edges  between  the  prism  1  and  the  basal  plane  O  (f .  202).    It  also  replaces 
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the  eight  similar  solid  angles  of  the  diametral  pi  ism,  as  in  f.  203.  This 
is  a  special  case  of  the  form  mc  :  5  :  a,  in  which  tn  may  have  values  vary- 
ing from  0  to  00 .  Fig.  208,  of  sulphur,  shows  a  zone  of  such  planes,  of 
tlie  general  symbol  mc  :  J  :  a,  with  ?w=ao  for  7;  also,  m=l,  m=^y  m=i, 
wfc=f,  and  finally  7W=^0,  for  the  basal  plane  O, 
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The  general  form  in  this  system,  consisting  of  eight  similar  planes,  maj 
be  written  either  m/i  :  nb  :  a  (mrh)  or  mc  :o:na  (//i-A).  The  i-elation  be- 
tween the  two  is  the  same  as  that  between  the  prisms  i-r,  and  i-A,  Thus, 
in  f.  204,  one  plane  of  the  octahedron  2c  :  2h  :  a  (2-2)  is  gi^en,  and  also  one 
plane  of  another  octahedron  or  pyramid,  whose  symbol  is  2c  :  b  :  a  (2).  If 
n  becomes  less  than  unity,  as  i,  the  plane  has  the  symhoi  2c  :  ib  :  a  (2-J)l 
In  order  to  avoid  this  use  of  fractions  the  symbol  is  written  4(3 :  i  :  2a, 
that  is,  4-2.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond* 
ing  to  2c  :  ib  :  a^  and  ic  :  b:  2a,  the  two  being  crystallographioally  id«D- 
ttcal. 
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Thus  there  are  tn'O  eeries  of  pyramidal  planes ;  a 
where  the  shorter  axis  is  t&ken  aa  the  unit,  and  a 
bmchydiagonal  (m-ft).  where  the  unit  is  the  longer 
lateral  axis;  and  between  the  two  lie  tlic  unit 
oct«hedn>n  (1)  and  those  of  the  m  series,  just  as 
the  prism  /  lies  between  the  prisms  in  and  i-h. 
The  macrodiagonal  planes  1-5  and  2-!  are  shown 
in  f.  206  and  i.  207.  It  is  also  seen  in  f.  207  that 
the  planes  2-3,  i!-l,  %i  all  make  parallel  intersec- 
tions with  each  other  and  with  I'-f,  being  an 
example  of  a  zone  where  the  ratios  of  the  ver- 
tical axes  are  the  same.  Fnrther  orthorhombie 
fonns  are  displayed  in  f.  308,  of  snlphnr,  already 
referred  to  The  fnll  symbol  of  the  plane  1-i  is 
e:b:Za. 

Solphor. 
B.  Hemxhedral  Form«. 

The  hemihedral  forme  that  have  been  observed  are  of  two  kinds:  1, 
The  verticailyoblimte  (p.  H),  prodneing  monoc^inic  fin-ms;  and  3,  the 
hemimorphic,  in  which  the  planea  of  the  octahedrons  or  domes  of  one  base 
have  no  corresponding  planes  at  the  opposite  extremity.     The  former  kind 
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is  illustrated  in  f.  209,  of  the  species  ohoiidj-odite  (var.  humite,  ty]>e  111). 
Fig.  210  represents  the  holohcdral  form  of  the  same  :  the  planes  \-i,  I-t, 
2-i,  are  of  macrodomes  ;  1^-1,  \-l,  ^l,  4-1,  of  brachydomes  ;  and  theothersof 
Tarions  octahedrons,  mostly  in  two  vertical  zones,  tlic  unit  zone  {mc  ;  i  ;  o), 
and  the  1:2  zone  {ma  :  2i  :  a).  In  f.  209  the  alteniatc  of  the  macro- 
domes  and  of  the  octahedral  planes  of  the  1  :  2  zone  are  absent  in  the 
npper  half  of  the  form,  and  are  present  withont  these  with  which  they 
alternate  in  (lie  lower  half.  The  crystal  consequently  resembles  one  under 
thT   monoclinic  system. 

Datolite  was  formerly  cited  as  a  hemihedral  orthorhombie  species,  bnt  il 
has  been  fonn'i  to  be  r^ly  monoclinic.  Furthermore,  ithas  been  recently 
shown  \yy  the  author,  by  rafereuce  to  :he  optical  properties,  tliat  the  ebon 
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droditc  of  the  second  and  third  types  (see  p.  327)  is  not  orthoihombic  bnl 
monodinw,  and  this  mnst  be  true  also  of  hninite." 

Hemimorphic  forms  characterize  the  species  topaz  and  calamine.  The 
latter  (in  f.  211)  has  only  the  planes  <i  a  henn'octahedron  at  one  extremity, 
and  planes  of  heinidomes  at  the  other.  P'or  the  pyix)-electi*ic  ]>ropertie8  of 
Bnch  forms,  see  p.  169. 

Valuable  elements, — In  the  ortliprhonibic  system  the  lengths  of  the  three 
axes  ai*e  variable,  though  their  position  is  fixed,  and  after  these  are  fixed 
the  choice  of  one  for  tub  vertical  axis  mnst  be  arbitrarilv  made.  In  other 
words,  given  an  orthorhombic  crystal,  the  three  lectangnlar  directiofis  are 
fixed,  but  two  assumptions  must  be  made  which  will  mathematically  deter- 
mine the  length  of  two  of  the  axes  in  terms  of  the  third.  For  instance, 
in  a  crystal,  if  certain  occurring  domes  are  adoj)ted  as  the  unit  planes  1-i 
and  1-i,  this  will  determine  the  relative  lengths  of  the  three  axes,  for 
which  two  measurements  will  be  necessary  ;  or,  if  an  occurring  octahe- 
dron is  assumed  as  the  unit  octahedron  (1,)  this  alone  will  obviously  fix  the 
axes ;  but  here,  also,  two  independent  measurements  are  necessary  in  order 
to  enable  us  to  calculate  their  length,  as  is  explained  later,  p.  74.  Hav- 
ing determined  upon  the  relative  lengths  of  the  axes,  ono  of  these  must  be 
made  the  vertical  axis  (c),  and  then,  of  the  two  remaining,  the  shorter  will 
be  the  bmchy diagonal  (a),  and  the  longer  the  macrodiagonal  axis  (i). 

In  deciding  these  arbitmry  points,  the  following  serve  as  guides :  The 
habit  of  the  crystals;  the  relations  of  the  given  s})ecie8  to  those  allied  in 
composition;  the  cleavage,  which  is  regarded  as  pointing  to  tluit  form 
which  is  properly  fundamental ;  and  other  considerations.  Dow  arbitrary 
the  choice  generally  is  is  well  shown  by  the  fact  that,  in  a  considerable 
number  of  species  belonging  to  this  system,  different  lengths  of  axes,  as 
also  di1T"rj:^nt  positions  for  them,  have  been  adopted  by  different  authors. 
Where  an  optical  examination  can  be  made  of  an  orthorhombic  ciystal, 
the  results  show  what  the  true  position  of  the  axes  is,  in  accordance  with 
the  principles  proposed  by  Schrauf.  Tliis  subject  is  alluded  to  again  in  its 
proper  place  (p.  151). 

The  general  chara<:teri8tic8  of  the  crystals  of  this  system  are  not  so 
marked  as  those  of  the  preceding  systems.  The  kind  of  symmetry  should 
be  well  understood,  though,  as  remarked  on  p.  50,  crystals  which  are  in 
appearance  orthorhombic  maybe  really  monoclinic;  the  true  test  of  the 
system  is  to  be  found  in  the  three  rectangular  axial  directions.  A  pris- 
matic habit  is  very  common,  the  prisms  (excei>t  the  diametral  prism)  not 
being  square,  also  the  prominence  of  some  of  the  most  commonly  occur- 
ring macrodomes  and  orachydomes ;  a  prismatic  cleavage  is  commoD, 
ana  often  a  cleavage  exists  parallel  to  one  of  the  pinacoids  (tf.y.,  i4) 
and  not  to  the  other,  which  could  not  be  true  in  the  tetragonal  syst-em ; 
similarly  the  planes  i-t,  i-l  are  sometimes  physically  different,  ^.y.,  in 
regard  to  lustre. 

As  has  ab'eady  been  remarked,  forms  apparently  hexagonal  are  common 
among  certain  species  belonging  to  this  system  ;  this  is  true  in  those  cases 

*  Biuoe  the  above  parogn^ph  was  put  into  type,  Des  Cloizeaax  has  announced  that  an  opCI* 
oal  investigation  by  him  has  proved  that  huinite  crystals,  of  tyx)e8  II.  and  m.,  are  raiJ^ 
mamo^&rdty  as  suggested  above.     The  figures  arc  allowed  to  remain,  however^  since  they  Ulna 
tntt  th«  form  which  this  metl  od  of  hemihedrism  ^ooMld  produce. 
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iHiere  the  priem  has  an  angle  approximating  to  120^  It  is  immediately 
evident,  as  is  explained  more  thonmghly  in  the  chapter  on  componnd 
crystals,  that  if  three  individual  crystals  are  united  each  by  a  prismatic 
face,  when  the  prismatic  angle  is  near  120®,  they  will  foi-m  together 
a  six-sided  prism,  approximating  more  or  less  closely  to  a  regular  hexa 
^nal  prism.  Simila  -ly,  under  the  same  circumstances,  tlie  correspond 
ing  pyramids  will  thus  together  form  a  more  or  less  symmetrical  hexagonal 
pyramid.  Tliis  is  illustrated  by  the  accompanying 
Dfpires  of  witherite,  where  the  prismatic  angle  is  118  , 
30^  It  need  hardly  be  added  that  this  is  true  in 
general,  not  only  of  the  vertical  prism,  but  also  of  a 
macrodome  or  biuchydome,  having  an  angle  near  120^. 
The  optical  relations  connected  with  this  subject  are 
alluded  to  elsewhere,  p.  151. 

Planes  of  Symmetry, — The  three  diametral  planes 
are  planes  of  symuietry  in  this  system,  and  they  are  the  only  ones. 


212 


218 


v.— MONOCLINIC  SYSTEM. 

In  the  MoNocLiKic  system  the  three  axes  are  un- 
equal in  length,  and  while  two  of  them  have  rectan- 
gular intersections,  the  third  is  oblique.  The  position 
nsnaUy  adopted  for  these  axes  is  as  shown  in  f.  214, 
where  the  vertical  axis,  c,  and  lateral  axis,  d,  make 
retangular  in^rsection^,  The  same  is  true  of  b  and 
dj  while  e  and  d  are  oblique  to  one  another. 

The  following  is  an  enumeration  of  the  several 
distinct  forms  possible  in  this  system,  deduced,  as  be- 
fore, from  the  general  expression  : 


-{■m-n 
—m-h 

[-1] 

m-tj 

The  abridged  ^jmbolj  caaampaod  to  thow  in  the  orthorliombic  sjvtem,  erpIaiDed  on  p.  A'l. 
aatj  pofait  to  be  noted  is  thiit  where  n  or  t  relmtes  to  tlie  clinodiagonal  axis,  d,  this  is 
tmlHi*H  bj  an  aooent  placed  OTer  it,  as  m^,  m-n ;  bat  in  m-t,  and  m-n^  eta.  t  and  n  refei 
lo  the  otthodiagonal  aada.  Nanmann  wrote  tfaeee  mPbo^  and  mP/t,  or  else  with  tfat 
aiirnt  across  the  initial  letter  P.     The  minns  signs  are  used  in  the  same  waj  as  bj  NaniwaiM 

(SMpuTft). 

Pinaeoids. — As  in  the  orthorhombic  svstem,  there  are  three   pairs  of 

:  the  base  O^Oe  :i:a;  the  oHkapinaooid,  parallel  to  tbf 


— mc: 

nb :  a 

-4-i»c: 

nb  :  a 

— i»c : 

b  :  na 

+mc : 

b :  na 

— mc : 

b :  a 

— c:  b 

:  a 

-f-wic: 

b :  a 

-l-c:  b 

:  a 

mc :  b 

:  xa 

\  -^mc  :  cob  : 
\  -{-mc  :  00  J  : 

a 

—m-i 

a 

-^n^i 

S  ^cinb  :  a 

[irn] 

\coc\b'.na 

r  •    ^  - 

x>c  :  b  :  a 

M 

voe  :  cob  :  a 

cccib  :  coa 

Oc:b :  a 

lO. 

48 


OBTSTALLOOBAPRT. 


ortho-axis  (b)  ooc  :  cob  :  a^or  i-i ;  and  the  dinapinacaidj  parallel  to  the  fa 
clined  axis  (a),  coc  :  b:  coa,  or  i-i. 

In  the  eoHcl  (f.  216)  or  diametral  prism  formed  of  these  thi-ee  pairs  of 
planeo,  the  four  vertical  cd<^»8  are  similar,  and  this  is  also  true  of  the  fimt 
edges  l)etwcen  O  and  i-i.  On  the  otherhand,  the  four  remaining  cdgcsare 
of  two  sets;  that  is,  the  edge  in  front  al>ove  is  similar  t<»  the  edge  be- 
hind and  l>elow,  for  the  angles  are  equal 
and  hi  closed  hy  similar  planes ;  but  these 
edges  are  not  similar  to  the  remaining 
two,  since,  though  the  planes  are  the 
same,  the  inclosed  angles  ai'e  unequal  to 
the  former.  Further,  there  are  two  seta 
of  s(»lid  angles,  two  in  front  and  two  dia- 
gonally opposite  behind,  being  alike  ob- 
tuse angles,  and  the  other  four  alike  and  acute. 

'Prisms. — In  consequence  of  the  similarity  of  the  vertical  edges  of  the 
diametral  [trism,  they  must  all  be  replaced  if  one  is  ;  this  is  done  by  the 

unit  prism  I{r)C :  b  :  a),  in  f.  215,  217.' 

Of  the  other  prisms,  each  obviously  consiat- 
ing  of  four  planes,  there  are  two  scries,  the 
orthodiagonal,  /-7i,  and  clinodiagonal,  t-n, 
bearing  the  same  relation  to  each  other  ae 
the  macro-  and  brachy-di agonal  prisms  in 
the  orthorhombic  system,  in  fact,  the  same 
explanation  may  be  made  use  of  hei-e.  Fig. 
217,  of  a  crystal  of  datolite  from  Toggiana^ 
shows  the  pinacoid  planes,  as  also  the  unit 


217 


prism,  /,  and  the  clinodiagonal  prism,  i-i. 
dinodomes. — The  form  7w-5  {mc  :  b  :  coa) 


includes  the  four  planes  panillel  to  the  clino- 
diagonal axis,  and  meeting  the  othei*s  at  variable  distances.  They  are  analo- 
gous to  the  bracliydomes  of  the  orthorhomlMc  system.  There  are  four  of 
these  planes,  because  the  two  axes,  g  and  i,  make  rectangular  intersections. 
This  is  also  seen  in  f.  218,  since,  as  has  been  remarked,  the  four  clino- 
diagonal edges  in  f.  215  are  similar,  and  hence  are  simultaneously  replaced 
bv  these  clinodomes. 


218 


219 

M 

/J 

(  '  ^ 

v  - 

220 


Ji 


4f 


Orthodomes, — Of  the  general  form,  mc  :  :r:  b  :  a,  thei-e  are  two  sets  d 
planes,  two  in  each  {hefni-orlhodomes),  both  of  which  are  alike  in  that  they 
are  {)arallel  to  the  orthodiagonal  (b)  axis  (see  f.  219).  They  are  unlike,  how- 
ever, in  that  two  are  opposite  an  obtuse  angle,  and  two  opposite  the  acute 
angle.    Consequently  these  two  pairs  of  planes  are  distinct,  and  muet  occur 
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independently  of  each  other.  To  distinguish  between  them,  those  belonging 
to  the  obtnse  sectants  receive  the  minus  8ign(— m-i),  and  those  belonging 
to  the  acute  sectants  the  plus  sign  (+m-t),  f.  219.  This  same  point  is  illus- 
trated by  f .  220,  where,  as  has  been  remarked,  the  obtuse  edges,  above  in 


sn 


222 
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front,  and  below  behind,  are  similar,  and  are  hence  replaced  by  planes  of 
the  — m-i  series,  while  the  remaining  two  (f.  221),  are  also  similar,  and  are 
replaced  by  -^-m-i  planes. 

Hemiroctahedrona. — The  same  distinction  of  plus  and  minus  belongs  to 
all  the  pyramidal  planes,  and  the  signs  are  used  in  the  same  way.  Foi 
each  form  there  arc  only  four  similar  planes. 

The  m  series  is  that  of  the  unit  octahedrons,— properly  hemi-octahe- 
drons,  or  hemi-pyraraids  +m  and  — ^n.  The  form  made  up  of  -fl  and  —1 
is  seen  in  f.  223,  and  in  f.  222  the  same  planes  are  in  combination  with  the 
three  pinacoids. 

The  general  form,  +77j.-n,  —m-iij  and  -f  tti-A,  —  m-A,  give  each  four  simi- 
lar planes.  They  bear  exactly  the  same  relation  to  each  other  as  the  m-n 
and  m-Vi  of  the  orthorhombic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figure  (f.  217)  of  datolite  may  be  referred  to  for  illustrations  of  the 
different  forms  which  have  been  named.  There  are  here  three  different 
clinodomes  4-i,  24,  and  4-i,  each  comprising  four  planes  ;  a  minus  hemi- 
orthodome  (opposite  the  obtuse  angle),  —  2-i,  and  also  a  plus  orthodomc, 
4-  2-1  (these  two  planes  are  quite  distinct,  though  numerically  the  symbols  arc 
the  same) ;  moreover,  of  hemi-octahedrons  oi  the  unit  series,  there  are  —4, 
— f,  and  -+-4,  +2,  H-|,  +  l,+f,  +f ;  also  of  orthodiagonal  pyramids,  —4-2, 

—6-3,  also  -f2-2,  and  of  clinodiagonal  planes,  —8-$,  and  +12-f.  A 
careful  study  of  a  few  such  figures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  planes  above  in  front  are  repeated  below  behind,  and 
those  below  in  front  appear  again  above  behina.  More  important  tlian 
this,  it  will  be  seen  that  the  clinodiagonal  diametral  plane  divides  the  crys- 
tal into  two  symmetrical  halves,  right  and  left;  in  other  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

ffemihedral  forms  occur  of  a  /«?77ii77U>rpAtc  character,  in  which  the  planes 
about  the  opposite  extremities  of  the  vertical  axis  are  unlike ;  thus,  the 
planes  of  one  or  more  heuii-pyramidsmay  occur  at  one  extremity,  without 
those  corresponding  at  the  other,  as  in  tartaric  acid,  ammonium  tartrate,  etc. 

With  many  monoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
many  others  it  is  slight,  and  can  be  determmed  only  by  exact  measurements. 
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In  datolito  it  is  only  six  minutes.  The  character  of  the  symmetry  exhibiti 
further  the  obliquity.  But,  as  seen  above,  both  +  and  —  planes  or  the  same 
value  do  occur  together,  and  though  they  are  really  distinct  yet  thev  may 
give  a  monoclinic  ciystal  the  aspect  of  an  orihorhomhic  crystal.  On  thiie 
other  hand,  true  oiHiorhombic  crj'stals  may  be  hemihedral,  and  thus  may  be 
rionoolinic  in  the  character  of  the  symmetry  (p.  45). 

Variable  elements. — In  the  monoclinic  system,  the  only  element  which  is 
fixed  is  the  position  of  the  orthodiagonal  axis  {J>)  at  right  angles  to  tlie  plane 
in  which  the  other  axes  must  lie.  The  lengths  of  these  axes  must  obviously 
be  assumed  in  the  same  way  as  in  the  preceding  system ;  but,  further  than 
this,  their  position  in  the  given  plane,  and  the  angle  they  make  with  each 
other,  are  both  arbitrary ;  in  other  words,  any  plane  in  the  zone  at  right 
angles  to  the  clinopinacoid  may  be  taken  as  the  base  {0)  and  any  otner 
as  the  orthopinacoid  (i-i).  The  existence  of  a  prismatic  cleavage,  or  one 
parallel  to  a  plane  in  the  orthodiagonaL  zone  often  points  to  the  planes  which 
are  really  to  be  considered  fundamental.  In  many  cases  it  is  considered 
desirable  to  assume  an  angle  near  90^  as  the  angle  ol  obliquity,  so  as  to  show 
the  degree  of  divergence  from  the  rectangular  type.  It  need  hardly  be 
added  that  authorities  differ  widely  both  as  to  the  position  and  lengths 
given  to  the  axes  of  the  same  species. 

Plane  of  symmeti^, — Monoclinic  crystals  have  but  one  plane  of  sym- 
metry, the  diametral  plane  in  which  the  vertical  and  clinodiagonal  axes 
lie,  that  is,  the  plane  parallel  to  the  clinopinacoids.  The  maximum  num- 
ber of  similar  planes  for  any  form  is  four,  and  it  will  be  noticed  that 
there  is  no  single  fonn  which  alone  can  enclose  a  space,  or  form  a  geome 
♦d'ical  solid. 


VI.— TEICLINIC  SYSTEM. 

In  the  Tkiclinic  SYSTEM  the  three  axes  are  unequal,  and  their  intersectioiii 
arc  mutually  oblique.  Inconsequence  of  this  fact,  there  is  iw  plane  of 
symmetry.  Only  diagonally  opposite  octants  are  similar;  there  can  conse- 
quently be  only  two  planes  of  anyone  kind.  There  are  no  truncations  or 
bevelinents,  and  no  interfacial  angles  of  90*^,  135°,  or  120°.  The  prismi 
are  all  liemijprismR^  and  the  octahedrons  tetarto-octahedronf^. 


The  lateral  axes  are  called  the  macrodiagonal  (J),  and  the  hrachydiagO' 
rwl  {d).     In  f .  225  the  diametj'al  prism  (made  up  of  t. 


three  paira  of  different 


225 


226 


227 


planes)  is  represented,  and  in  f.  224  the  unit  prism.  To  the  latter  ia  added 
(in  f.  226)  one  plane  —1  on  two  dianronaliy  opposite  edges,  which  are  two 
out  of  the  ciffht  of  the  unit  octaliedron  (f.  227).     This  octahedron,  as  wiB 
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»>e  jwen,  is  made  xip  of  four  sets  of  different  planes.  The  different  kind^ 
of  planes  are  distinguished  by  the  long  or  short  mark  over  the  n  (7I  or  f£) 
and  also  by  ^^'ing  those  whicn  occur  in  the  right-hand  octants,  in  front, 
an  accent;  those  above  (in  the  obtnse  octants)  are  niinns,  and  the  othen 
pins.  The  form  in-h  consequently  may  be  — fw-A',  or  ^m-n^  -\-fn-ii\  01 
H-7/fc-7'i ;  and  similarly  with  mrfi.  In  f.  228  the  nnit  prism  is  combined  with 
a  hemidome  and  a  vertical  plane  parallel  to  the  brachydiagonal  section. 

Tlie  forms,  although  oblique  in  every  direction,  may  still  be  closelj 
similar  to  monoclinlc  forms  of  related  species. 

230 


Anorthitdi 


Axinite. 


The  annexed  figures  are  of  triclinic  species.  In  f.  229,  of  anorthite,  of 
the  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinic 
feldspar,  orthoclase ;  in  orthoclase,  O  on  the  brachydiagonal  (clinodiagonaU 
section  is  90^,  whence  it  is  monoclinic,  while  in  anorthite  this  angle  is  85 
50',  or  4°  10'  from  90°,  and  this  is  the  principal  source  of  the  diversity  of 
angle  and  form. 

Fi^.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
which  fail  of  any  special  monoclinic  habit 
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Introductory  remarks  on  the  proper  symbol  of  each  plane  of  a  general 
erystaUine  form. — Ilithcrto  the  symbol  mc  :  nh  :  a  has  been  employed  to 
express  the  general  position  of  all  the  planes  comprising  any  crystalline 
form,  and  it  lias  been  shown  that  there  arc  in  some  eases  fortv  eiirht  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  In 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be- 
longing to  such  a  form,  it  l)ecomc9  necessary  to  i-e?<^)it  to  the* methods  of 
analytical  geometry.  As  slK)wn  in  f.  231,  the  portions  of  the  axes,  when 
the  centre  is  the  starting  point,  which  lie  ahove^  to  tlie  rights  and  in  jront 
of  the  centre,  are  called  plus  (-h) ;  the  correspondinir  portions  of  the  axes 
measured  from  the  centre  below^  to  the  left^  and  behind^  are  called,  for  the 
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Bake  of  distinction,  miniM  (— ).  The  planes  of  the  first  qnadraLt  (sec  alsc 
f.  282)  are  all  positive  (+);  the  planes  of  the  second  positive  (+)  with 
reference  to  the  axes  c  and  a,  but  negative  (— )  with  reference  to  6;  iii  the 
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third,  both  lateral  axes  are  negative  (— ) ;  in  the  fourth  quadrant  the  planet 
are  positive  in  regard  to  c  and  J,  but  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
always  negative.  The  symbols  for  each  plane  of  the  orthorhombic 
octahedron  (f.  231),  taken  in  the  same  order,  will  be  as  follows  ; 

Above,  -\-c:  -\-b:  -ha;  4-c:  — J  :  +a;  4-c  :  — J  :  —a;  +tf  :  +&  :  —a. 
Below,  — c  :  +b:  +a;  — 6» :  — i  :  +a;  —e  :  —l :  —a;  — c  :  +ft  :  —a. 

The  hexoctahedron  {laa  :na:  a)  may  be  taken  as  another  example.  The 
general  symbol  of  the  form  of  f.  247,  p.  64,  is  3-|  (3a  :  }a  :  a),  but  the 
symbol  of  each  plane  is  distinct.  The  same  principle  applies  here  as  in  the 
other  case.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  examples,  the  appropriate  symbols  are 
written  below;  the  order  in  the  symbols  is  the  same  as  that  uni/ormly  used 
in  the  work :  1st,  the  vertical  axis  (c) ;  2d,  the  lateral  axis  extending  right 
and  left  {b) ;  and  3d,  the  lateral  axis,  in  front  and  behind  (a). 


c      b       a 

1  =  3a  :  )a  :    a 

2  =  fa  :  3a  :    a 

3  =    a  :  3a  :  Ja 

4  =    a  :  f  a  :  3a 

5  =  |a  :    a  :  3a 


6  = 

7  = 

8  = 

9  = 
10  = 


c  b     a 

3a  :  a:  \a 
—3a :  \a\  a 
—3a  :        a\  ^ 

fa  :  —3a  :  a 
—3a  :  — }a  :    a,  and  so  on. 


It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individual  plane  the  numbei's  expicssing  its  relations  to  the  three  axes 
must  all  be  regarded,  each  with  its  iii)proj)riate  sign ;  in  other  words,  the 
values  of  wi,  n,  7*,  in  the  general  form,  mc  :  7ib  :  7'a,  must  all  be  given,  one 
of  them  bei.ig  unity;  m  always  rcfci-s  to  the  vertical  axis,  c;  n  to  the 
lateml  axis,  i ;  r  to  the  lateral  axis,  a ;  as  has  already  been  remarked,  a 
is  usually  made  the  m  it  axis.  In  the  example  last  given  the  axes,  being 
all  equal,  arc  ail  called  a. 
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BalMCMB  KMt  ba  m»aa  koe  to  the  meUiod  of  itttadag  Un  k 
The  iiW|[n  of  the  m^ontj  of  anthoa  i*  ftdlowed.  mnd  tha  anlqeet 


ama^ftea  in  tbfa  WW 
im  iUutntBd  in  tlM  b 


Oammoa  ongs.  1 

This  work         (■*  cflco  a  c«« 

(VeiM,BoML)) 
■GUer'*  School,  c  e  a  *  «  »  a 

||ob«,  Naoinun.  a  a  a  b  "  \m  c  i 

Dana  (SyBtem  1858)     a  a  «  «  I  ) 

It  ia  certainlj  nrj  deaiiable  to  iiidi<]at«  to  which  axia  each  letter  reCen  hj  Ota  mi 
placed  above  it ;  in  doii%  wliicli,  ve  f<^ow  Bein'e  &'altititiig  U  dit  XrjwtaBiaraek»a»f. 


DETCBMDCATtO!!  OF  FUXBa  IT  «>!(■& 

The  subject  of  zooes  has  been  briefiy  explained  on  paee  4,  and  varione 
examples  hare  been  pointed  onL  The  priucipic  is  one  ot  the  hi^ieat  im- 
portance, both  practically,  Biace  it  gives  the  means  of  detennining  the 
symbols  of  many  planes  withont  calcnlalion,  and  also  tlieoretically.  The 
Una  of  zoTut,  which  states  simply  tliat  the  planes  of  a  crystal  lie  in  zones, 
is  one  of  tlie  mo6t  important  of  die  science,  and  second  only  to  that  of  the 
rationality  of  the  indices  The  pUnes  of  a  crvstal  thus  may  be  said  to  be 
connected  tt^ther  by  these  zones,  a  single  plane  often  lying  in  a  large 
nnmber  of  zones. 

FaralleiiBm  in  the  combination  edges,  or  mntual  intersectiong  of  planes, 
is  based  npon  aome  common  geometrical  ratio,  and  this  common  ratio  ha 
longs  to  the  symbob  of  all  the  planes  of  the  zone. 


AH  planes  whi<^  lie  in  the  Mine  lone  w31  ([ire  ezaotlf 
paialld  TellectiaDi  with  Uie  [cllectiTe  ffonioTneter.  bh  explained 
oo  p.  S7.  Thia  ■■  the  railj  dedtdTS  teat,  and  when  pneaiUe 
ahcmld  be  made  oae  of.  nnoe  combinatioa-edgea  often  appear 
paralld  when  the  planea  forming  them  are  not  really  in  the 
aaune  lODe.  Fnithermore,  maamach  aa  paiallel  intcnsetiMia 
are  obaerred  between  planes  of  a  lone  (U1I7  when  they  actoallj 
intenect.  the  goniometer  ma;  often  aerre  to  detect  the  ex- 
iatance  of  looea  not  otherwiae  manifeaL 

In  fc  194,  p.  43,  the  planes  m,  t-l,  /,  t-J,  t-t,  all 

lie  in  a  vertical  zone,  and  they  are  all  obrioosly 
alike  in  this,  that  they  are  parallel  to  the  vertical 
axis ;  in  other  words,  the  common  valne  <;  =  co  be- 
longs to  them  all.  Again,  in  the  zone  O,  \-i,  %-l, 
i-t,  etc  (t  197,  p.  43),  the  planes  are  alike  in  that 
they  are  all  parallel  to  the  bracbydiagonal  axis ;  in  other  words,  4  =  co  is 
true  of  all  of  them.  Still  again,  the  pyramidal  planes  ^,1,2  {f .  150,  p.  33), 
ue  also  in  a  zone  betn-een  0  and  /.  and  here  the  ratio  1  :  1  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  from  O  to  t-2,  and  for 
tbem  toe  lateral  axes  have  the  ratio  1:2.  In  the  case  of  an  oblique  sone, 
as  ft-i,  3-1,  2-i,  1,  etc.  (f.  233),  this  fact  is  leas  evident  on  inspection,  bnt  it 
eqn&lly  tnie,as  will  be  seen  later.  The  common  ratio  in  this  case  is  m  =  *>. 
Since  all  the  planes  of  a  zone  have  a  oomn-on   ratio,  which  has  beea 
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shown  to  be  trae  in  scvcj-hI  examples  but  also  admits  of  rigid  pn»f, 
it  is  evident  that  a  plane  whicli  liec  in  tvio  zones  has  its  position  deter- 
mined by  that  fact,  since  it  must  answer  to  two  known  conditions,  lu 
other  words,  tlie  algebraic  equation  of  a  zone  is  known  when  tlie  paraino- 
tei-s  of  two  of  its  planes  are  given,  for  they  are  sufficient  to  determine  the 
common  ratio,  and  by  combining  them  the  zone  equation  is  obtained;  and 
further,  when  the  equations  of  two  zones  are  given,  combining  them  wiU 
give  the  equation,  that  is,  the  parametei-s,  of  the  plane  common  to  both. 

The  general  equation,  derived  from  Analytical  Geometry,  for  any  plane 
mc\  7ih  I  ra^  making  pai-allel  intersections  with  the  planes  mfc  :  n!o\  r'a 
and  m/'c  :  n"h  :  T"a  is, 

1 H =  0:  m which, 

By  substituting  the  values  of  the  parameters  of  two  given  planes  for  m\ 
n\  r\  and  in'\  n\  r"  in  the  zone  equation,  a  derived  equation  is  obtahied 
which  exprcssiis  the  relations  between  m,  7i,  r  of  all  the  planes  of  tlie  aonfr 
The  form  of  the  general  zone  equation  is  so  symmetrical  that  the  oalculfr 
tions  ai*e  in  any  case  quickly  and  easily  made  by  a  method  analogouB  tc 
that  used  in  Millers  system  (as  suggested  by  Pix)f.  J.  P.  Cooke).  If  w« 
write  the  pammeters  in  parallel  lines,  repeating  the  first  two  terms,  wo 
liave 


r  ,  n"  A  r''   A  771''   A  7i" 


and  it  will  be  seen  that  the  coefficients  J/",  N^  R  are  found  by  multiplying 
together  the  pammctcrs  in  the  manner  which  the  scheme  indicates. 

M=  m'm''  {n'r"-r'7i").  ir=  n'n"  {r'm"-7n'r").  R  =  rV"  (7/»V-nW). 

Take,  for  example,  the  zone  of  planes  between  i-i  and  1  (f.  233).  For 
i-i,  m/  =  i,  n'  =  1,  r'  =  i ;  for  1, 7n!^  =  1, 7i"  =  1,  r"  =  1  ( i  =  oo  ) ;  hence 
the  scheme  becomes 

1  ,  1   A    1   A   1    A   1 

and  foi  the  several  values  of  the  coefficients 

Jf=i(l-i)=  -i».    i^=l(i-i)=0.    i?  =  i(i-l)  =  »^ 

This  reduces  the  zone  equation  torn  =  r  (after  dividing  by  ^^  =  oo  •),  and 
to  this  all  the  planes  of  the  zone  conform.  So  also  for  the  zone  of  l-I,  /, 
3-|,  1-i,  etc.,  in  f.  234.  The  parameters  of  the  plane  /  and  1-i  arranged  as 
above  give 

i     \     1    i     1 

1    i     1     1     i 

and  the  values  of  J/,  iT,  R  are  —  ?,  —v  and  +if  respectively.    Hence  the 
tone  equation  becomes 

+   —  =0; 
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snd  if  r  =  1,  tlie  general  formula  n  = r  is  derived.  Between  i  :  1 :  1  (T) 

and  1  :  i  :  1  (1-i)  the  values  of  n  are  positive,  as  with  the  series  of  planea 

i  :  1-i :  1-i ;  Oc :  fi :  a;   5  :  J :  1 ;  4 :  ^ :  1 ;  3  :  f :  1 ; 

2:2:1;  | :  3  : 1,  etc.,  1  :  i  :  1.    Between  1:  i  :1 

and  i  the  values  of  n  are  negative,  that  is,  are 

measured  on  the  back  half  of  tlie  axis  S ;   as,  for 

example,  f:  —  4:l;f:— 3:1;  |:— 2:1;  i: 

—  1:1.     As  the  zoue  continues  on  from  i  :  —1  : 1 

to  1 :—  1  :  ±i  (1-^),  and  i:  — 1 :  — 1  (/),the  unit 

axis  is  changed,  making  n  =  —  1.    The  zone  equa* 

—  m 
tion  then  becomes  /•  = r,  the  values  of  r  bein*^ 

positive  between  ^  :  —  1  :  1  and  1  :  —  1  :  it  z,  and 
negative  between  1  :  —  1 :  ±  i  and  i  :  —1  :  —1. 
The  successive  planes  are  f:  — l:2;f:  —1:3; 
i:-l:^;    1  : -1  :  ±  i  ;    |:-l:-4;   f 
Both  figures  233  and  -234  are  illustrations  of  this  zone. 


1  •      s  • 


J3  :  -1  :  -2,  et 


If  the  student  wUl  select  a  variety  of  examples  of  zones  from  the  figures  in  the  descriptive 
part  of  this  work,  and  will  apply  the  zone  equation  as  given  above  to  them,  paying  special 
attention  to  the  sigru  of  the  parameters  of  each  plane,  he  wiU  soon  find  that  the  apparent 
diffloulties  of  the  subject  disappear. 
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BZaZBITION  OF  THE  ZONE-RELATIONS  OF  DIFFERENT  PLANES  BT  MEANS  OF  METHODS  OF 

PROJECTION. 

The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi- 
bited graphically  in  such  figures  as  have  been  already  given.  Other  meth- 
ods, however,  are  used  which  have  special  advantages.  The  two  most 
important  are  briefly  mentioned  here. 

1.  Qaejistedf  8  method  of  projection, — In  this  method  the  planes  of  a 
crystal  are  projected  upon  a  horizontal  plane,  usually 
that  of  the  base  {0).  Every  plane  is  regarded  as  pass- 
ing through  the  unit-length  of  the  axis  which  is  taken 
as  the  vertical ;  these  planes  consequently  appear  as 
straight  lines  intei"secting  each  other  on  the  plane  of 
projection. 

The  following  are  examples.  In  f.  235,  of  galenite, 
there  are  i)resent  the  planes  of  the  cube,  octahedron, 
dodecahedron,  and  tetragonal  trisoctaliedron  J-J.  In 
the  projection  (f .  236)  the  plane  of  the  paper  is  taken 
as  that  of  the  cubic  plane,  the  two  equal  lateral  axes  {a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  their  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  ca^  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  plane  of  the  paper,  and  the  otliei*s,  since  they  are  supposed 
to  pass  through  the  unit  point  of  the  vertical  axis,  coincide  with  the  projec- 
tions of  the  lateral  axes,  and  are  marked  77,  H, 

The  octahedral  planes  (1)  appear  as  lines  connecting  the  unit  lengths  ol 
the  equal  lateral  axes ;  of  the  dodecahedral  planes,  four  pass  each  through 


GBTBTALLOaaAPBT. 


tJio  extremity  cf  one  lateral  axis,  and  parallel  to  tlie  other,  and  foor  otben 
ai-e  diagonal  lines  passing  thraugli  tiie  centre;  they  are  marked  tin  the 
figure.  Tlie  utlier  planes,  }-},  wlien  pasains  through  the  unit  point  o£  Uw 
vorti(!al  axis,  aio  represented  by  the  synibols  1  :  | :  1,  and  I  :  1 :  J,  and 
I :  I ;  J,  in  the  tiret  quadrant,  and  similarly  in  the  other  three. 


'^ 

•^^C- 

y/' 

•0; 

^^ 

^ 

/, 

S^ 

^, 

A 

^/T^' 

%.' 

The  projection  of  the  firatof  these  planes  is  the  line  joining  tlie  pointsc 
(uc  =  f  of  <u')and  u* ;  that  of  the  second  plane  is  tlie  line  joining  tlie  poinls 
a'  and  y(cy  =  J  of  ca'Y,  tliat  of  thetliird  plane  is  the  line  joining  the  points 
«'  and  z*  (tia'  =^r^  -  j  of  ca).  The  same  method  is  followed  in  the  other 
({uadraQte,  the  twelve  lines,  lightly  drawn,  in  the  figure  arc  the  projections 
23.;  of  the  twelve  corresponding  planes  of  the  inriii  }-|^ 

Fig.  237,  238,  give  another  example  (topaz)  Iroiii 
the  orthorhombic  svBtein,  The  dotted  lines,  as  before 
(f.  23S),  show  tlie  lateral  axes  on  whicli  the  i-olatire 
nnit  lengths  of  b  and  &  l>elongingto  this  species  liave 
been  marked  oft  {J  =  l.SO'i.  &  =  1),  The  fonr  lines 
passingtlirongh  these  nnit  points,  a  and  A,  are  the  pro- 
jections of  the  nnit  uctaliGdnMi  1.  The  nnit  prism,  /, 
le  projected  in  lines  parallel  to  these,  and  passina 
throngli  the  ccnli-e.  The  juism  ?-2  also  passes  Uiroiigu 
the  centre,  but  the  direction  is  that  of  a  line  ioininir 


i 


ll 


the  unitlength  of  tlie  axis  b  with  two  times  that 
The  symbol  of  the  octahedron  \{=^ii\h:  «),  becomes, 
OD  snpposing  the  plane  to  pass  through  the  unit  point 
of  the  vertical  axis  •> :  |A :  ^.  and  it  is  consequently  pf^jected  in  the  lines 
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fcfining  the  points  t  {ct^ioi  6b\  and  s  {cs  =^  %oi  ca\  The  symbol  of  the 
plane  f  2  (=  fo  :  i  :  2a)  becomes,  on  the  same  condition,  ciio  :  fa,  and  its 
projection  lines  consequently  connect  the  jwints  t  {ct  =  i  of  d)  and  u  {cu 
=  f  of  ca).  The  same  method  is  followed  in  the  otlier  systems ;  in  the 
hexsigonal  there  are  on  the  plane  of  projection  three  equal  lateral  axes 
catting  each  other  at  angles  of  60**. 


it  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pass 
through  the  same  point  of  intersection;  as  inf. 234,  O,  f-},  1, i(a«),and, 
f.  237,  /,  i-2,  i-i  (c) ;  this  is  also  true  mathematically  of  the  planes  (9,  1,  f , 
/,  whose  projections  are  parallel.  This  principle,  which  follows  immediately 
from  theract  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important.  If  a  gi  vcn  plane  lie  in  two  zones  its  projection 
must  necessarily  pass  through  the  two  pomts  of  intersections  which  belong 
to  each  of  these  respectively,  and  consequently  its  position  is  determineo. 
The  plane  on  f.  237  which  has  no  written  symbol  for  instance,  lying  in 
the  zone  with  f  and  f ,  and  the  zone  with  1  and  |-2,  must,  when  projected, 
pass  thix>ugh  the  intersection  point  (f.  238)  s  of  the  former  zone,  and  also 
through  V  that  of  the  second  zone.  The  plane  itself,  then,  is  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  b  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  f  of  its  unit  length  ;  hence,  the  sym- 
lx)l  is  c  :  cob  :  fa,  or  ^c  :  cob  :  a  (|-i)  in  the  form  it  is  usually  written.  In 
many  cases  the  ratios  of  the  lateral  axes  are  obvious  at  sight,  as  here ;  in 
every  case,  however,  the  position  of  the  zonal  point,  and  of  the  two  points 
of  intersection  on  the  axes,  admits  of  exact  determination  by  a  series  of 
simple  equations. 

These  equations  it  is  unnecessary  to  add  here ;  reference  for  them  may 
be  made  to  Quenstedt's  Crystallography,  or  that  of  Klein,  mentioned  on 
p.  59.  This  method  is  of  so  general  use  and  of  so  easy  application  that 
every  student  should  be  familiar  with  it.  Its  advantages  ai'e  that  it  leadi 
to  a  clearer  comprehension  of  the  relations  of  the  diflferent  forms,  showing 
imnindiately  all  the  zones  in  which  they  lie,  and  in  many  cases — withaat  thf 
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use  of  equations — suffices  to  determine  tlio  symbols  of  an  unknown  plane, 
and  that  more  simply  than  by  the  use  of  the  zonal  equation.  The  genera] 
principles  contained  in  the  method  have  been  made  by  its  proposer  (Queu- 
Btedt)  tlie  basis  of  an  ingenious  and  philosopliical  system  of  Crystallograpny 
(Grundriss  der  bestimmenden  uud  rechnenden  Krystallographie  von  1  r. 
Aug.  Quenstedt,  Tubingen,  1873). 

2.  Spherical  projection  of  Neuinann  and  Miller, — In  this  subject,  as 
viewed  by  Miller,  a  crystal  is  situated  within  a  sphere  so  that  the  centres  ol 
the  two  coincide.  If  now  perpend iculai-s,  or  normals,  be  dmwn  from  thia 
centre  to  each  pb.ne,  and  be  produced,  they  will  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
It,  then,  this  sphere  is  regarded  as  projected  upon  a  norizontal  plane  it  will 
appear  as  a  circle,  and  the  various  normal  points  will  occupy  each  its  pro- 
per position  on  or  .within  this  circle.  This  will  be  made  more  clear  by  an 
example.  If  the  crystal  (f.  237)  be  supposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  paper,  a 
normal  to  the  plane  O  will  meet  the  sphere  of  projection  at  the  central 
point  (f.  239) ;  the  planes  iA  at  the  points  indicated,  and  so  of  the  other 

planes  1,  f,  i-5,  etc. 

Two  principles  here  are  of 
fundamental  importance :  1st,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
i-l^  f ,  |-t,  etc.  ^  and  2d,  the  an- 
gles between  these  normal  points 
are  the  supplements  of  the  an- 
gles between  the  actual  planes. 
These  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  t.^.,  their  normals, 
becomes  merely  a  matter  of  solv- 
ing a  series  of  spherical  triangles 
in  which  some  oarts  are  giveu 
and  others  obtained  by  calcula- 
tion.  Upon  this  basis  a  system 
of  crystallography  was  construct- 
ed by  Miller  in  1839,  which,  as  further  developed  by  Grailich,  Schi*auf, 
von  Lang  and  Maskelyne,  has  every  advantage  over  that  of  Naumanfi 
in  the  matter  of  facility  of  calculation  as  in  some  other  even  more  import 
ant  respects. 


The  method  of  construction  of  the  circle  of  projection,  for  a  given  crystal,  is  in  meet 
Tery  simple.  The  position  of  the  crystal  is  commonly  so  taken  that  the  prismatic  lone  ii 
represented  by  the  circumference  of  the  circle,  and  the  position  of  the  normal-points  of  aU 
prismatic  planes  lie  upon  it.  The  normal-points  of  the  pinacoid  planes  are  at  90^  from  one 
Another  (the  macropinacoid  is  not  present  on  the  crystal,  f .  237).  The  two  oorresponding 
diameters,  at  right  angles  to  each  other,  which  are  properly  the  projections  of  two  great  oir- 
oles,  intersect  at  the  centre  the  normal-point  of  the  baisal  plane,  0 ;  these  diameters  repre- 
sent resi)ectivcly  the  macrodome  {m-x)  and  brachydome  (//»-i)  zones  of  planes.  The  seTera] 
positions  of  the  normal-points  of  the  prismatic  planes  are  determined  by  laying  off  the  sop* 
plement  angles  of  each  with  a  protractor ;  that  of  f-2  is  43*  25',  and  of  /,  62*  8|\  from  the 
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Boarmai-pomt  of  i-i.  The  lines  drawn  between  »-2,  Oy  and  f-2  (behind),  and  /,  0,  I  (behind) 
represent  the  zones  of  the  m-2  and  m  pyramids  respectively.  The  positi(u  of  the  normal- 
points  of  a  dome  or  pyramid  upon  its  respective  zonal  line  (great  circle)  is  formed  by  laying 
off  from  the  centre  a  distance  equal  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  0,  taking  the  radius  as  unity.  For  example,  0  a  ^-i  =  126^  27%  hence  the  position 
of  the  required  normal-point  will  be  about  i  (.5046)  of  the  radius  measured  from  0, 

It  is  in  general  necessary  to  determine  in  this  way  the  normal-points  of  but  very  few  of 
the  planes,  since  those  of  the  others  are  given  by  the  zonal  connection  between  the  planea. 
Thus  in  tb  is  case,  having  determined  in  the  way  explained  the  positions  of  the  points  i-i,  i-^ 
J,  and  |-%.  no  further  calculation  is  needed ;  the  point  of  intersection  of  the  g^eat  oirde 
joining  t'-i,  f-i,  and  t-»,  and  that  joining  /,  0,  J,  is  the  normal- point  of  } ;  also  the  point  of 
intersection  of  the  great  circle  i-2,  }-I,  ^2  with  i,  0,  I,  is  the  normal-point  of  1,  and  with 
i-S,  O,  t-2  that  of  t-1 

The  method  explained  is  the  same  for  all  the  orthometric  systems ;  for  the  clinometric  sys* 
tems  the  same  principle  is  made  use  of,  though  the  application  is  not  quite  su  simple,  since 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  system  of  Miller  the  general  form  of  the  symbol  is  /i^2,  in  which  7i,  A;,  and  I  are 
always  whole  numbers,  and,  the  reciprocals  of  Naumann's  symbols.  To  translate  the  latter 
into  the  former  it  is  only  necessary  to  take  the  reciprocals  and  reduce  the  result  to  three 
whole  numbers  and  write  them  in  the  proper  order.  In  general,  for  m-n  {mc  :  nb  :  a), 
h  :  k  :  1  =  mn  :  m  :  n,  the  latter  expression  being  written  in  its  simplest  form,  and,  if  neces- 
sary, fractional  forms  must  be  reduced  to  whole  numbers  by  multiplication.     Conversely, 

from  hkl  is  obtained  m=  r,  n  =  ,,  and  hence,  "t  ~~  t:  =  ^^'^  ^^^  applies  to  all  the  sys- 
tems exoept  the  hexagonal,  where  a  special  process  is  required.     See  Appendix  (p.  441). 

Methoda  of  Calculation. 

In  mathematical  crystallography  there  are  three  problems  requirino: 
solution :  lat.  The  determhiation  of  the  elements  of  the  crystallization  of 
a  species,  that  is,  the  lengths  and  mutual  inclination  of  the  axes ;  2d,  The 
determination  of  the  mutual  interfacial  angles  of  like  or  unlike  known 
planes ;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  the 
parameters  ni  and  n  for  unknown  planes. 

This  whole  subject  has  been  exhaustively  discussed  by  Naumann  in  his  several  works  on 
erjstaUography.  (For  titles,  see  p.  iv.)  The  long  series  of  formulas  deduced  by  him  covei 
almost  every  case  which  can  arise.  In  the  present  place  the  matter  is  treated  briefly,  since 
for  aU  ordinary  problems  in  crystallography  the  amount  of  mathematics  required  is  very 
small.  This  is  especiaUy  true  in  view  of  the  fact  that  a  large  part  of  unknown  planes  can 
be  determined  by  the  zonal  equation  already  giyen.  When  complicated  problems  do  arise, 
the  methods  of  spherical  trigonometry  (based  on  the  spherical  projection  of  Miller)  offer,  in 
the  opinion  of  most  crystallographers,  the  simplest  and  shortest  mode  of  solution.  It  is  be- 
lieved that  the  student  who  has  mastered  the  elements  of  the  subject,  after  the  method  of 
Naumann  here  foUowed,  will,  if  he  desire  to  go  further,  find  it  to  his  advantage  to  turn  to  the 
system  of  Miller,  referred  to  on  p.  58  (See  also  Appendix.)  The  formulas  given  under 
the  different  systems  in  the  following  pages  are  mostly  those  of  Naumann,  and  it  has  been 
deemed  desirable  to  explain  at  length,  in  mo8t  cases,  the  methods  by  which  these  formulas 
are  deduced.  If  the  student  will  follow  these  explanations  through,  he  wiU  find  himself  in 
a  position  to  solve  more  difficult  problems  invohing  similar  methods.  Spherical  triangles 
•rr  employed  in  most  cases,  as  early  used  by  Hausmann  (1813),  by  Naumann  (1829),  and 
others ;  and  carefuUy  explained  by  Von  Kobell  in  1867  (Zur  Berechnung  der  KrystaUformen). 
The  same  methods  have  been  elaborated  by  ^ein  (Einleitung  in  die  Krystallberechnung, 
Stattgart,  1875). 

THE  RATIO  OF  THE  TANGENTS  IN  RECTANQULAB  ZONES. 

Tan^erU  jprinciple. — In  any  rectancrular  zone  of  planes,  that  is,  a  zont; 
lying  between  two  planes  at  right  angles  to  each  other,  one  of  them  being 
a  diametral  plane,  the  tangents  of  the  supplement  angles  made  with  thif 
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*  che  lengths  of  the  axis  oorraspouding 
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ExATDpW  of  recungalar  ztia<es  uk  tSonled  by  the  zones  bt  tvuea  i-i  and 
I'i,  alA>  7  and  O.  t  13".  and  /  ai.d  'y.  in  f .  i'^'? :  siill  aj^iin  ^etween  /  and 
O.  in  f.  167:  /and  'y.  als--  j-i  anJ 'J.  in  f.  1^^'>.  Iiil£.  217.  the  zone  be- 
tween I'I  and  i-\.  and  O  and  I'-i.  a?  alio  the  z>,'i:es  between  I'-i  ami  anv  one  of 
the  orth'Xi' 'ine*^.  are  rec-tangular  z-me:?.  but  n>--t  the  zones  bettreec  tlte  basal 
and  vertical  jilaues  icxL-ept  i-l  i.  nor  thuce  tietween  »-*'  and  a  clinodome. 
The  tnith  of  the  ab->ve  Ian-  is  evident  from  the  acoompanving  tienrei. 
If  the  ansles  t-crween  the  planes  ^,  r.  /  (t  iAv)  and 
3W  the  basal  plane  0  are  ?iven.  their  eapplements  are  the 

angles  witn  the  ba^l  diaiuetial  ieutioa  a'.  ■*,  tf,  lOSfea- 
tivelrif.  *41|.  The  tangvnta  of  these  angles  are  the 
respective  lengths  of  the  vert:u&I  axis,  corresponding 
to  eat.-h  plane,  as  seen  in  the  suvceesive  triangles.  In 
each  ca^e  we  have  b  tan  a  =  (.*,  and  Ueu<.-e,  tan  a' :  tan 
a* :  tail  t^  =  t*  :  tr  n?. 

Bv  the  law  stated  on  p.  10,  the  ratio  of  the  axes  most 
have  some  simple  namerical  value.  In  other  words,  if 
<^  \<e  taken  as  the  unit.  -^  and  •?  must  bear  Eorae  simple 
ratio  to  it  (denoted  generull v  by  ni :  In  general,  if  a\ 
a*,  a?  are  the  supplement  angles  ••£  three  planes  of  a 
vertical  ztiiie  n^ioti  a  baBul  plane,  then, 

tan  a' :  tan  a* :  tan  a*  =  »i'o :  "tV :  n^c  =  tn* :  m*  :  nf. 

This  is  true  as  well  for  the  pyramidal  planes  p*,  ^,  jj*, 
and  the  domes  cP.  iP,  tP  yf.  -2-iO\  This  principle  ii 
most  commonly  Kpnlied  to  a  vertik-al  zutie.  where  the 
angles  on  the  basal  plane  are  known,  and  the  value  r>f 
m  fur  eac-h  is  required  :  it  applies,  however,  in  the  same 
war,  to  aio/  rvctangnlar  znne. 

Fur  a  pHsmatit:  zone,  if  the  supplement  angles  on  i-l 
are  given  =  y.  7*.  etc.,  llieii. 


tan  y  ;  tan  7*  :  tan  y  =  i' :  i' : 


=  n' :  n» :  n». 


TbaM  leUtioiu  may  pcihspa  be  made  more  dear  br  m  little  fnitlM 
-tt'"  ■>■■■"  Suppose  ■  plane  to  pi»  thjongh  the  tenioU  kzia  It 
ri^t  wig-len  to  tlie  piren  zoite  0.  eK  f',  r",  uul  intenecciiig  it  in  the 
dotted  lioe  I  Me  aiao  t.  2-il'.  A  umilai  tectioD  may  be  made  witll  tkl 
planM  <(■.  d'.  (f ,  or  wiib  p',  p'.  p'.  From  the  MCCtioD  yt.  941).  the 
*"*  -il  relation  of  the  veitic&I  axea  to  th«  tac^nta  of  the  baial  angla*  a  at 
oQoe  obnooa.  It  vill  be  ^e^n  h^re  :hM  :'.  c^  eta.  ara  not  tnlf  tha 
supplements  of  Che    inteifacial  anplfti  meaiured  on  0.  Imt  ara  alM 

«)«al  to  the  ai^ci  measim  1  on  I'-I  diminished  by  M',  snd  th^  \a  tnie  id  generaL 

bealao  aeen  thai   the   an^le*  a', .;',  et< 

iE«aatiied  oa  each  other     Tboc  gireo  e' 

plmait  of  <•  A  0)  =  a'  -^  (IW  -  «■  A**). 


CSS  or  aPHEBiCAt.  triooxometbt. 
The  use  of  a  spherical  triangle  often  simplifies  very  much  tim  opentln 
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tjf  calctilating  the  various  angles  and  axial  ratios.     The  following  example 
will  exemplify  the  principle  involved.     Fig.  242  represents  a  square  octa- 
hedron of  zircon .    If  we  take  the  front 
Bolid  angle  of  the  octahedron  as  a  cen- 
tre, and  from  it  imagine  three  arcs  to 
be  described  with  any  radius— one  on 
the  octahedral  plane  BA^  another  on 
the  basal  section  (7A,  and  a  third  on 
the  diametral  section  CB,  it  is  evi- 
dent that  a  spherical  triangle  will  be 
formed.     In  other  words,  the  point  a 
is  imagined  to  be  the   centre  of  a 
sphere  and  the  triangle  ABO  is  that 
portion  of  its  surface  included  between  the  three  planes  in  question. 
In  this  triangle  (f .  243)  the  successive  parts  are  as  follows  : 

O  ==  the  angle  between  the  basal  and  vertical  diametral  sections ; 

here  90°. 
a  =  the  inclination  of  the  vertical  edge  on  the  lateral  axis. 
jB=  the  semi-vertical  angle  of  the  octahedron  (=  ^X). 
A  (the  hypothenuse)  =  the  plane  angle  of  the  octalicdral  face. 
A  =  the  semi-basal  angle  (=  ^Z). 
b  =  the  inclination  of  the  basal  edge  on  the  lateral  axis. 

In  the  case  given,  h  =  45°,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45°  with  each. 
Now  if  either  A  or  B  (that  is,  -Z'or  Z)  is  given  by  measurement,  two  parts 
in  the  triangle  will  be  known  and  the  others  can  be  jca  lily  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  the  pages  which 
follow. 


In  the  majority  of  cases  the  spherical  triaDgles  obtained  in  the  manner  described  are 
ri^t-angled,  and  the  problems  resolve  tbemMelves  into  the  solution  of  right-angled  spherical 
triangles.  In  performing  these  operations  practically,  the  student  may  be  assisted  by  the 
foUowing  graphic  method  (used  by  Prof.  Oooke,  of  Harvard  University).  It  is  based  upon 
Napier*s  rules,  which  are  familiar  to  every  student : 

In  a  right-angled  spherical  triangle  the  sine  of  any  part  is  equal  to  the  product  of  the 
oonnes  of  the  opposite  parts,  or  the  product  of  the  tangents  of  the  adjacent  parts.  Here  it 
is  to  be  remembered  that  for  the  two  angles  and  hypothenuse  the  complements  are  to  bo 
taken. 

The  problems  are  represented  graphically  as  follows :  In  the  case  given,  suppose  that  the 
htmal  angle  (Zyon  the  given  octahedron  has  been  measured  and  found  to  be  84^  10  46%  that 
ii,  the  angle  A-iZ=z  42''  0  53',  and  hence  U0«  -d  =  47^  50  T.  Then  the  parts  of  the 
tcumgle  may  be  written,  commencing  with  C7, 


*(46^) 


90' (C7) 
(90^  -  A) 


(90'  -  B) 


{QO"  -  h). 


If  J7  is  required,  we  have  (for  ziroon)  sin  (90*'  —  ^)  =  cos  45''  x  cos  47<'  SO'  7' ; 
whence  ^  =  «r39'47', 

and  the  Tertical  angle  {X)  is  123''  19'  34*. 

dn  46**  =  tan  ^  X  tan  47«  50'  7", 
tan  a  =  0.640373  =  c^  the  vertical 


e>2  CRYSTAIXOGKAFHY. 

For  convenienoe,  some  of  the  more  important  formulas  for  the  solutimi  of 
trian^es  are  here  added. 
In  spherical  right  triaogles  C  =  90^. 

Sin  A  =  -: — r  sm  i?  =  - — t 

sm  n  smh 

_       .      tan  b  „      tan  a 

Cos  A  =  . r  cos  B  =  r 7 

tan  h  tan  ^ 

_      ^      tana  ^      _      tanft 

Tan  A  =  - — r  tan  i?  =  - — 

sm  6  sm  a 

_.        .         COS^  .        n        008  il 

Sin  ^  = r  sin  J?  = 

cos  0  008  a 

cos  /i  =  cos  a  cos  5 
coe  h  =  cot  ii  cot  B 

In  oblique-angled  spherical  triangles  : 

(1)  Sin  J. :  sin  J9  =  sin  a  :  sin  6 ; 

(2)  Cos  a  =r.  008  b  cos  c  +  sin  5  sin  0  cos  A: 
(8)  Cot  bmne  -:z  cos  6  cos  A  +  sin  il  cot  d; 

(4)  Cos  A  =  --  cos  ^  cos  C7  +  sin  jB  sin  C  cos  a,  • 

In  calculation  it  is  often  more  convenient  to  use,  instead  of  the  latter  formidaB.  IboM 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  derotod 
to  mathematical  formulas. 

Cosine  formula. — General  equation  for  the  inclination  of  two  planes  in 
the  orthometric  systems. 

Representing  tlic  parametei's  of  any  plane  by  c  :  J  :  a,  and  also  of  any 
other  plane  by  c':V:a',  and  placing  IF  for  the  supplement  of  theib 
mutual  inclination, 

aa!lV  4-  cdaa* + hVod 


Co8lF=  - 


^{o?l?^(?a^^V&)^{a%'^-^d^a'^^h'^c'^ 


In  using  this  equation,  the  actual  values  of  the  parameters  arc  to  be  sub- 
stituted for  the  letters.  For  the  planes  t^i-ti,  m'-n',  in  the  same  octant,  in 
which  the  parameters  would  he  mc  :  nb  :  a,  and  m'c  :  n'J  :  a, 

mCy  nbj  a  are  substituted  severally  for  c,  J,  a. 
m'c,n'J,  a  "  "  "  c',  5',  a'. 


I.  Isometric  Systkm. 

The  equality  of  the  axes  in  the  Isometric  system  makes  it  unnecessary  to 
fX)nsider  them  in  the  calculations.  The  most  commonly  occurring  prob- 
lems are  the  determination  of  the  symbols  in  the  various  fonns,  i-n,  iti^ 
m-mj  in-n  (f.  51,  54,  65,  69).  Tlicsc  cases  will  be  considered  in  succession. 
In  all  but  the  last,  but  a  single  measurement  is  necessary. 

1.  Form  i;?,  tetrahexaJiedron. — The  cdires  are  of  two  kinds  (p.  18),  ai 
A  and  6' in  f.  241 ;  a  measurement  of  either  is  suflicient  to  determine  ths 
value  of  71,      {a)  Given  the  angle  of  the  eilge   A.     Suppose  a  plane  tc 
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pue  throneh  the  edge  A  and  the  adjoining  axis,  ac.  also  a  eeamd  plane 

tlirongh    rhe    two  lateral   axes,   and   imagine  a  epherical   triangle  coo- 

6tmcted.    as    explained   on   p.  61. 

Tiiis  triangle  (aee  f.  244a)  is  right 

angled  at  C,  and  llie  other  angles 

are  ^A.  (Iialf  the  meaenred  angle  of 

the  crvBtal)  and   45°,  reepectiTely, 

Hence,  if  v  is  the  inelinalion  of  the 

plane  on  the  lateral  axie,  ac, 

eoa  J"  =  C06  iA  v'S, 

and  tan  v  =  fia  =  n. 
(4)  Snppoee  the  angle  of  the  edge  C 
to  !«  given.     In  the  plane  triangle 
{a6c)  of  the  fleetiun  in  f.  244,  iO  + 
45°  +  w  =  180°,  or    tf  =  135°-  iC, 

and,  as  l>efore,  tan  v  =  n.  If  the  angle  of  two  oi>i>oeite  planes,  meeting  at 
tlie  extremitr  of  an  axis,  were  given,  half  this  angle  wmiid  be  tlie  angle  v. 
For  a  series  of  tctrahesahedrons  the  tangent  law  inav  be  applied,  since 
they  form  a  zone  between  two  enhie  plaiiea;  the  dodecaliedron  falls  in  this 
zone,  being  a  special  caae  of  the  tetrahexahedron  where  n  =  1.  The  angle 
between  a  plane  i-n  and  the  adji^iining  cnbic  face  {IT)  is  eqnai  to  f  +  90°, 
hence,  cot  ^=  n, 

2.  Fonn  m,  tri^nal  trittoctahedron. — The  edges  are  of  two  kinds,  A 
Riid  S.  {a)  If  the  angle  over^  is  given,  snppoee  a  diagonal  plane  tc 
pass  through  the  vertical  axis  and  the  edge  A, 

jneeting  the  planes,  as  indicated  in  the  tigiirc.  **5 

A  right-angled  plane  triangle  is  formed,  of  which 
the  basal  angle  is  equal  tn  ^B,  and  the  base  is 
the  diagonal  line  x.  Then  x  tan  ^B  —  the 
vcrticalsideof  thetriangle(mi),but3;  =  Vi  when 
a  =  \,  whence  tan  \BV\  =  ma  or  m.  (J)  If 
the  given  angle  is  that  of  the  edge  A,  place 
a  spherical  triangle  {ma'i,  as  indicated  in  (he 
Jigm-e,  In  this  triangle  C  =  90°  (for  the  diagonal 
plane  is  perpendicnlar  to  the  plane  m),  and  the 
other  angles  are  respectively  ^A  (lialf  the  niea- 
anrcd  angle)  and  60° ;  hence,  the  side  opposite 
^A  (=  tlie  angle  p)  is  obtained.  Fnrther,  the 
angle  of  tlie  two  dotted  diagonals  (the  octahe- 
drw  and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,    \B  =  144°  44'  —  p,    and,   as    before, 

tan  ifiVi=  m.     See  fnrther  the  following  case.     Tlie  pncral  cqnatio 
Hi-c  thus: 

(fl)  tan  iB\^=m. 

(A)  cos  /J  =  2  cos  ^AVI  ;    iB  =  144°  44'-p. 

3.  Form  m-m,  tetragonal  trwoctoAtdron. — Suppose  (a)  that  the  ai^le  of 
(iic  edge  £  ia  given.     In  the  spherical  triangle  1,  in  f.  246,  C=  dO  ,  and 
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each  uf  tlie  other  angles  equals  ^B.  Hence,  one  of  the  eqnal  sidu 
(=  angle  v)  is  obtained,  and  tan  v  =  m.  (J)  If  the  angle  O  ie  giveo. 
the  triangles,  in  f.246,ieeiiiployed; 
here  one  angle  is  =  90°,  a  second 
=  fiO%  and  the  thiid  =i(7,  half 
the  measured  angle  of  the  edge  O. 
The  side  of  the  triangle  —  tlie  angle 
p  is  calculated,  and,  as  in  the  preced- 
ing caee,  f  —  lii"  44'— p,  then  »«+  1 

The  planes  jn-m,  1,  m,  form  a 
zone  l)etM'eeTi  the  cubic  and  dodeca- 
hedral  planes  as  f.  461,  p.  244,  tc 
which  the  tangent  law  may  be  often 
conveniently  applied.  The  form  m 
passes  into  the  octahedron  1  when 
m  =  1,  and  when  m  is  less  than 
nnitj  it  becomes  mr-m,  as  explained 
on  p.  17. 

Since  tliese  planes  form  a  rectangular  zone  the  tangent  of  the  enpple- 
ment  angles  between  tlieni  and  a  cubic  plane  are  proportional  to  the  vafnea 
of  m  for  the  given  forms;  only  by  applying  this  principle  for  m-m,  the 

index  —  (=  —  :  1  : 1)  will    be   obtained,  wliich  is  equivalent  to  m-m 

mm'  '  ^ 

{—l:m:m). 
The  general  equations  for  the  form  m-m  are : 

COB  v  =  cot  iB ;  tan  »  =  m. 

cot  4(7  V^;  ^=lWW-p;  tmC^2  =  m-hl. 

4.  Form  wi-n,  hexoctahedrnn. — The  edges  of 
the  hexoctahedron  are  of  three  kinds,  A,  B,  C 
(t.  247),  and  two  measurements  are,  in  general, 
needed  in  order  to  dcdnce  the  values  of  vi 
and  n. 

{a)  Given  A  and  B.  In  the  obliqne-angled 
spherical  triangle  I  (f.  247),  the  three  anglei 
are  4-^,  iB,  and  45°,  In  this  triangle,  the 
side  opposite  ^A  (=  angle  v)  is  calculated,  and 
from  it  are  obtained  the  values  of  m  and  n, 
as  follows : 


cosiX\'2  +  CO 
Bin  iB 


a. 


tan  ^B  sin  v  =  m;  tan  v  =  n 


(8)  Given  A  and  O.  In  the  obliqne-angled  triangle  II  (f.  247),  the  three 
aogles  are  equal  respettively  to  ^A,  iC,  and  60"  The  side  opposite  ^A 
{—  angle  p)  is  calculated.  But  the  angle  between  the  diagonals,  that  iiL 
the  octahedral  and  dodccahedral  axes,  is  35°  16',  aTid  the  third  angle  oi 
the  triangle  is  ^  the  inclination  of  the  edge  C  un  the  dodecahednl  axil ; 
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hence,  4  =  ^  ^°  44'— p.  Again,  in  the  right-angled  triangle  III  (f .  247),  one 
angle  =  iC\  and  the  adjacent  side  =  ^j  whence  the  omer  side,  S.  (the  in- 
clination of  the  edge  B  on  the  dodecahedral  axis),  is  obtained  ;  i'  =135^—  S. 
and  from  tliis,  as  above,  and  from  the  angle  />,  are  deduced  the  valaes  ol 
A  and  n.     The  formulas  are : 


O08 


p  = j=^ — ;  f  =  144   44  — p;  tan  5  =  em  f  tan  iC 

sin  iO  V  3 


n 


V2 


V  =  135®—  B ;  tan  v  =  n: tan  f  =  //*. 

{c)  Given  B  and  C.  K  the  right-angled  triangle.  III  (f.  247),  the  two 
angles  are  given,  equal  respectively  to  ^B  and  ifi  From  the  triangle  if 
deduced  the  side  opposite  iC(=  angle  S  defined  before),  and  from  it  is 
obbiined  y,  and  from  v  and  ^Bj  the  values  of  m  and  n,  as  in  the  fii-st  case 
The  formulas  are : 


cos 


S  =  - — f-=^ ;  V  =  135**—  S ;  tan  v  =  n;  tan  ^B sin  y  =  m. 
sm  ^x> 


m 


UB 


If,  instead  of  fnr7iy  the  form  is  m -.  only  one  measurement  is  needed, 

m— r       -^  ' 

and  the  process  is  simplified. 

When  the  angles  of  any  plane  m-n  on  two  cubic  planes  are  given,  their 
aapplements  will  be  the  angles  of  the  plane  upon  the  corresponding 
diametral  sections,  and  from  them  the  values  of  m-n  may  be  readily  calcu- 
•latcd.  Tims  (in  f.  248),  the  angles  of  a  given  plane  on  a  cubic  plane  at 
a*  will  be  the  supplement  of  its  angle  upon  the 
section  a*a*j  that  is,  the  angle  B  in  the  spherical 
triangle;  similarly,  the  angle  of  a  cubic  plane  at 
a*  will  be  the  supplement  of  its  angle  on  the 
section  a*a%  the  angle  A  in  the  spherical  triangle. 
In  this  same  triangle  C=90^.  Hence,  the  sides 
opposite  A  and  B^  that  is,  the  inclinations  of  the 
two  edges  on  the  adjacent  axis,  may  be  calculated, 
anl  this  axis  being  equal  to  unity,  their  tangents 
will  give  the  corresponding  lengtlis  of  the  other 
axes.  These  lengths  may  not  be  the  values  of  7n 
and  n  in  the  form  in  which  the  symbol  is  generally 
written,  where  the  unit  axis  is  always  the  shortest, 
but  the  latter  are  immediately  deducible.  For  ex- 
ample, if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f.  247)  had 
been  measured,  the  values  of  the  axes  obtained  by  calculation,  when  the 
fiont  axis  is  the  luiit,  Wi»uld  be  i  a.id  \  respectively,  and  the  symbol,  hence, 
I  :  ^  :  1,  which  is  equivalent  to  1 :  f  :  3,  or  m-n  =  3-J  for  the  general  form. 

Memihedral  Jonas. — For  ea<;h  hemihedral  form  the  formulas  are  iden- 
tical with  those  already  given  for  the  corresponding  holohedml,  so  far  aj 
the  edges  of  the  two  are  the  same.  For  example,  in  cr»mparing  f.  69  and 
£  87  it  is  seen  that  the  ed^es  A  and  C  are  the  same  in  both,  while  B  oi 
llie  liol<^iedral  fonn  differs  from  B'  of  the  hemihedral.     The  formulas  re- 
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quired  to  cover  these  additional  cases  are  given  belotr,  they  are  obtftiiied 
in  a  manner  similar  to  those  in  the  preceding  pages. 

Form  Urn),  f.  86.     Given  B\ 

cos  €  =  2  cos  iB'Vi ;  ?=  35*^  16'+  e;  tan  f  VJ  =  m. 
Form  J(m-77i).  f.  81.     Given  B. 

tan  iB'V2  =  m. 
Form  i(m-n),  f.  87.     (a)  Given  A'  and  J?'. 

V2  Vi 

:  n  = 


cosi^'  ^      cosiA'  V 

sm  JJ.  '  '^      sm  iZr  '  cot  a— cotp'  cot  a+ocit  ^. 

{b)    Given  ^'  and  C". 

2cosi^'+cosi6''     ^      QK0  1/I/.  -.it      ^      !•»   •    f. 

cos  €  = j=r^= — ;  f  ==  35°  16  +  6 ;  cot  o  =  tan  iCr  mn  ^ 

sin  iC^V3 

tan  (S  -f  46**)  =  n: tan  t=m. 

Form  i[i^],  f.  92.     Given  ^". 

tan  iA''=  n. 

Form  [m-fi],  f.  100.    (a)    Given  J.''  and  B'\ 

cos  iJ."  ,  n  COS  iA^^ 

sm  i-a  '  '  '    cos  4-ff 

(J)    Given  ^"  and  ^" 

«  ±/^'t/T         •     •!  /}       COS  OV3  —  COS  i^" 

2  cos  Jc/  V-J  =  sm  O;  cos^  = =r= — . 

sin  i^"  V  a 

tan  (45*^+^  =  m ;  sin  (45^  +  $)  tan  iJ."=  », 

(«)    Given  JS"  and  C". 

2  cos  jg-Vj  ^  sin  0 ;  cos  S  =  "^  ^^^^  ^  ^j^^^ 

BiniJ5'V2 

tan  (45°+  S)  =  n;  sin  (45° +S)  tan  i^"  =  m. 

The  various  combinations  of  Iiolohedral  and  hemihedral  fonuB  whiel) 
may  occur  are  unlimited,  and  it  would  be  unwise  to  attempt  here  to  show 
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tbods  of  «rorking  them  out.  It  is  only  necessary  to  remark  that  the 
1  can  generally  DC  readily  obtained  by  the  ase  of  one  or  two  spheri- 
ugles  in  the  way  shown  in  the  preceding  cases, 
calcalatiou  of  the  interfacial  angles  between  two  known  forms  can 
e  performed  by  the  formulas  already  given,  or  by  similar  methods 
i  more  general  cases,  reference  must  be  made  to  the  cosine  formula, 


Interfacial  Angles. — L  Hclohedral  Forms, 

following  are  some  of  the  angles  among  the  more  common  ol 
ric  holohedral  forms;  adjacent  planes  are  to  be  understood,  unless 
ated  otherwise.  The  angles  A^  By  Cy  above,  are  those  over  the 
3o  lettered  in  the  figures  referred  to  (see  pp.  15-19),  or  over  the 
ondiug  edges  in  related  forms : 


=  90»,  f.  38  1  A 

=  125  16  ,  t  40,  41  1  A 

=  135,  £.  43,  45.  1  A 

=  146  19  1  A 

=  153  26,  f.  64  1  A 

= 161  34  1  A 

=  133  19  1  A 

=  136  45  1  A 

=  144  44,  f.  55  •  A 

=  154  46  »  A 

»T.  1,=  115  14  i  A 
*'  =  109  2S,  £.  52    »  A 

*»  =  103  16  I  A 

=  143  18,  f .  70  I  A 

=  150  48  •  A 

=  147  41  I A 

109  28, 1  42  i  A 

op,=  70  32  »A 

144  44, 1  47  22  a 

=  143  11  2-2  A 

=  140  16, 1  67  2-2  A 

= 136  54  3-3  A 

=  168  41  S-S  A 


2-2  =  160*  32',  1  58 

3-3  =  150  30,  1  57 

1=169  49 

2  =  164  12,  f.  53 

8  =  158 

3-1  =  157  45 

4-2  =  151  52 

5-f  =  151  25 

•  =120  f.45 

t,  or.  top,  =  90 

i'\  =  167  42 

»-2  =  161  34,  £.  68 

t-3  =  153  26 

2-2  =  150 

3-f  =  160  54 

3-3  =  148  31 

4-i  =  166  6 

5-}  =  162  58* 

2-2,  ^,=  131  49,  t54 

2-2,  (7,=  146  27 

2-2,  OT.  U^.=109  28 

3-3,  B,=  144  54, 1  61 

3-3,  (7,=  129  31 


t-l  A  ^J,  A,=  138'  49' 

H  A  ^1,  6',=  157  23 

i^  A  ^2,  il,=  143  8, 1  65 

f.2  A  i-2,  (7,=  143  8 

»-2  A  ^2,  OT.  top,=  126  52 

•-2  A  »-3  =  171  52 

»>2  a2.2=:155  54 

«  A  ^3,  J,=  154  9, 1  66 

^3  A  ^3,  C;=  126  52 

2  A  2,  A,-  152  44, 1  51 
2  A  2,  ^,=  141  3i 

8  A  3,  ^=142  8 

3  A  8,  ^,=  153  28* 
3-1,^=158  18,  f,69 
3-1,  B,=  149 

3-1,  (7,=  158  18 
4-2,  ^,=  162  15 
4-2,  B,-  154  47i 
4-2,  (7,=  144  3 
5-i,  ^=  152  20 
5-S,  B,=  160  82 
5-i  (7,=  152  20 


IL  Hemihedral  Forma. 


following  are  the  angles  for  the  corresponding  hemihedral  forma : 


=  70<»  82*,  f.  76,  76a  3-3  a  3^,  C,=  184*  2'  i^  A  ^,  C,- 

^,=  162  39*  3-1  A  8-1,  ^=158  18,  £.87  4-2  A  4-2,  ^ 

^,=  82  10  3-1  A  3-1,  ^,=  110  55i  4-2  A  4-2,  ^,: 

^=152  44,185  3- J  A  3- J,  (7,=  158  18  4-2  A  4-2,  (7, 

B,=  90  4-2  A  4-2,  ^,=  162  15  8-|  a  8-»,  A,-- 

^=143  8  4-2  a  4-2,  ^,=  124  51  8-f  A  8-i, -ft: 

i?,=  99  5  4-2  A  4-2,  C,=  144  3  8- 1  A  8- J,  (7,: 

i,  5,=  93  22  ^-^  A  H,  ^,=  112  37  5-*a54,  ^: 

\,  C,=  160  15  H  A  ^J,  C;=  117  29  5-|  A  5-*,  B,. 

5,  B,=  109  28,  f.  81  i-2  a  *-2,  il,=  126  52,1 92,98  5-4  A  5-i,  C7,: 

L  C,=  146  26*  »-2  A  ^2,  C,=  118  85 

J,  ^,=  124  7  »-8  A  t-8,  A,=  143  8 

le  forms  i-f ,  i-2  (f .  92),  i-3,  t-4,  A  is  the  angle  at  the  longer  edgi^ 

that  at  either  of  tlie  others. 


107'  27f 
128  15 
154  47i 
131  49 
115  28, 1 19C 
149 

141  47 
119  3* 
160  82 
181  5 
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IL — Tetsaqonal  System. 

Ill  the  Tetragonal  syBtein,  as  has  been  fully  explained  (p.  30),  the  ioogtii  oi 
the  vertical  axis  is  variable,  and  must  be  determined  for  each  species,  if  the 
length  of  c  is  known,  then  it  may  be  required  to  determine  the  symbols  of 
certain  planes  by  means  of  measured  angles.  These  two  problt$ms  are  m  a 
moHsure  complementary  to  each  other,  and  the  same  metliods  will  give  a 
solution  to  either  case.  (For  figures  of  the  forms  see  pages  27  and  28.) 
The  calculation  of  the  interfacial  angles  can  be  pem/imed  by  similar 
methods  or  by  the  cosine  formula. 

1.  Form  m- — The  edges  are  of  two  kinds,  pyramidal  X^  and  basal  Z. 
If  either  angle  is  known,  the  angle  a,  which  is  the  inclination  of  the  edse 
X  on  the  lateral  axis,  may  be  calculated  by  the  spherical  triangle,  as  m 
f.  242,  243.  (Compare  the  explanation  of  this  case,  p.  62.)  Obviously  in 
the  plane  right-angled  triangle  formed  by  the  two  axes  and  the  ed^  JT, 
tan  a  =  ?;a6*  (since  a  =  1).  if  c  is  known,  then  wi  is  determined  ;  and,  con- 
vei*scly,  a  value  being  assumed  for  m,  in  the  special  case,  c  is  given  by  the 
calculation.     The  general  formulas  are  : 

cot  iX=  sin  a,  or  tan  ^Z 1^  i  =  tan  a ;  then  tan  a  =  mc. 

2.  Form  m-i. — {a)  Given  the  angle  Z,  mo  is  found  immediately  ;  the 

solution  is  obvious,  for  in  the  section  indicated  by 
the  dotted  line  (f .  249),  iZ  =  a,  and  the  tangent  of 
this  angle  is  equal  to  the  vertical  axis,  {b)  Given 
the  angle  Y.  A  spherical  triangle  placed  as  in 
f.  249,  has  one  angle  =  iY^Si  Becond=  45®,  and 
the  third  =  90°,  whence  the  side  opposite  ^Yin 
calculated,  which  is  the  complement  of  ck 

The  general  formulas,  wiiich  may  serve  to  de- 
duce the  value  of  w,  when  6  is  given,  or  thp  con- 
verse, are : 

cos  i  Y  V2  =  sin  a,  or  tan  iZ  =  tan  a,  and  tan  a  =  mo. 

If  a  series  of  square  octahedrons  w,  or  m-?-,  occur  in  a  vertical  zone,  their 
symbols  may  be  calculated  in  both  cases  alike  by  the  law  of  the  tangents, 
the  angles  of  the  planes  on  O,  or  on  /,  or  i-i,  respectively,  being  given. 
(See  p.  60.) 

3.  Form  i-n. — For  the  angle  of  the  edge  X  (f .  109,  p.  26),  at  the  Bxtrem- 
ity  of  a  lateral  axis,  tan  iX  =  n.  From  the  angle  of  the  other  edge  Y^ 
we  have  iX  =  135°-  ^F;  and  hence,  tan  (135°-  ^Y)  =  n. 

4.  Form  m-n. — The  edges  are  of  three  kinds,  X,  Y^  Z{i,  250),  and  two 
angles  must  be  given  in  tiie  general  case  to  determine  vi  and  n. 

(a)  Given  Xand  Z.  A  splierical  triangle  having  its  vertices  on  the  edgef 
Xand  Z,  and  the  lateral  axis,  as  1,  f.  250,  will  have  two  of  its  angles  equil 
to^X,  ^Z,  respectively,  and  tlie  third  equal  to  90°.  The  solution  of  thif 
triangle  gives  the  sides,  viz.,  a  and  v^  tne  inclinations  of  the  tsdges  JT  and 
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Z,  respectively,  on  the  lateral  axis.     The  tangentB  of  these  angles  ^ve  the 
i-aliics  of  fit  and  n.    The  formulas  are  as  follows; 


,  cos  jX  _ 
'  sin  iZ 


C06  V,  fan  V  =  n. 


(i)  Given  T  and  Z.     In  a  second  triangle  placed  as  indicated  (2,  f.  260) 
fwo  of  the  angles  arc  ^  J'aiid  iZ  respectively! 
Mid  the  third  is  90°,     The  solution  of  this  second  2G0 

trianvie  gives  8,  the  inclination  of  the  edge  Z 
on  the  diagonal  axis,  from  which,  in  the  plane 
triangle  we  have  v  =  135°  —  B,  and  from  v  is  ob- 
tained n.  Still  again  from  the  triangle  1  (f.  250), 
and  itesolutionnsed  in  the  precedingca8e,having  ^ 
given  Z  and  c,  a  ia  obtained,  ana  from  it  t 
as  by  tl>e  following  formulas  : 


sin  iZ 


\,v  =  135°— 8,  Un  y  =  : 
tan  iZ  sin  p  =  tt.n  a  = 


K 

^T— -^^ 

^ 

(•?)  Qiven  ^and  Y".  A  third  triangle,  numbered  3  in  the  figure,  has  two 
of  the  angles  equal  to  ^Xand  i  Y  respectively,  and  the  third  is  45°.  Solv- 
injt  this  oblique-angled  triangle,  the  angle  of  the  inclination  of  the  edge  T 
on  the  vertical  axis  is  obtained,  and  ita  complement  is  tlie  angle  e.  the  in- 
clination of  the  edge  I^on  the  diagonal  axis;  from  e  and  ^  Fare  obtained, 
by  triangle  2,  S,  and  thence,  as  above,  n;  and  finally,  from  Xand  w,  ia 
obtaiucd  a,  and  from  that  the  value  of  m.  The  simplified  formulas  are  as 
follows  : 


=  n  cot  iX,  tan  a 


Pyramids  of  the  general  symbol  1-n,  m-m,  etc.,  are  especial  cases  of  the 
preceding,  the  processes  being  for  them,  however,  somewhat  eiinplifiod.  A 
single  measurement  is  sufficient. 


III.  IIexaoonal  System. 

In  the  Ilexagonal  system  there  arc  three  equal  lateral  axes  {a)  inter 
secting  at  angles  of  60°,  and  a  fourth  vertical  axis  (t)  at  right  angles  to 
the  plane  of  the  others.  Taking  a  =  1,  there  remains  but  one  unknown 
quantity  in  the  elements  of  a  crystal,  that  is  the  length  of  c,  and  a 
■ingle  measurement  is  sufficient  to  determine  tliis.  The  relations  of  Ih" 
three  lateral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  is  closely  allied  to  the  tetragonal,  and  optically 
they  are  identical,  as  is  shown  beyond. 

Schmnf  refers  all  hexagonal  forms  to  two  lateral  axes  crossing  at  right 
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angles  and  a  vertical  axis,  in  order  to  siiow  this  relation.   Accoi  ding  to  biiiij  Id 

this  system,  the  axes  are  c  :  aVs  :  a;  in  the  tetragonal  they  are  c? :  a  :  a. 
Millers  school,  on  the  contrary,  employ  three  equal  axes,  making  equal 
angles  with  each  otlier,  and  each  normal  to  a  face  of  the  fundamontul  rhom- 
hohedron.  Li  each  of  these  methods  a  holohedral  fonn,  for  instance  a 
hexagonal  pyramid,  is  considered  as  made  up  of  two  sets  of  forms,  having 
different  indices. 


A. — Holo/iedral  Forms. 

1.  Form  m :  hexagonal  pyramid,  first  series. — Suppose  a  spherical  trian- 
gle, inscribed  in  f .  148,  p.  33,  having  its  vertices  upon  the  edges  X  and  Z, 
and  the  corresponding  lateral  axis  respectively,  similar  to  the  triangle  of 
f .  242.     This  will  be  a  right-angled  triangle. 

{a)  When  the  angle  of  the  edge  X  is  given,  then  f,  the  inclination  of  the 
edge  X  upon  the  adjoining  lateml  axis,  is  calculated  : 

sin  f  =  cot  iX  V^S,  and  tan  f  =  inc^  or  =  c,  tlie  vertical  axis,  when  m  =  1. 

(J)  Given  the  angle  Z. 

tan  i  Z  V^  =  mCy  or  =  c  when  m  =  1. 

2.  Form  m-2 :  hexagonal  pyramid,  second  series. — These  pyramids  bear 
the  same  relation  to  those  of  the  m  series  as  the  mi  octahedrons  to  m  octa* 
hedrons  of  the  tetragonal  system.  (Compare  f.  112, 146.)  •  The  methods  of 
calculation  are  similar  (f.  249.)  The  edges  are  of  two  kinds,  vertical  I^and 
basal  Z. 

(a)  Given  the  angle  Y. 

2  cos  ^y  =  sin  iZ,  and  tan  iZ  =  7m?,  or  c  when m  =s  1. 

(J)  Given  the  angle  Z.     Then  simply 

tan  iZ  =  m>c, 

8.  Form  i-n :  dihexagonal  prism. — The  vertical  edges  are  of  two  kindAj 
axial  X,  and  diagonal  Y\  the  solution  in  either  case  is  by  means  of  a  plane 
triangle,  in  a  cross-section  analogous  to  that  of  f.  146. 

(a)  Given  X. 

tan  iXf^  ^  2^. 

(b)  Given  T. 
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4w  Form  m-n :  dihexagonal  pyi-amid. — ^The  edges  (f.  251)  are  of  throe 
kinds,  X  and  Y  terminal,  and  zTbasal ;  measarements  of 

two  of  these  are  required  to  give  the  values  of  m  and  W 

It ;  this  is  analogous  to  the  calculation  for  the  form  va-n  Jk. 

in  the  preceding  system.  yW^^ 

(a)  &iven  .Zand  Z,    In  a  spherical  triangle  having  its  jyf 

vertices  on  Uie  ed^  JT  and  Z,  and  the  {^joining  lat-  c/p^ 

eral  axis  i^espcctiveiy,  two  angles  are  given.    If  i;  =  the  \^^^ 

inclination  of  the  edge  Z  upon  the  lateral  axis  (the  side  \V\l|i i^' 

of  the  spherical  triangle  opposite  the  angle  \X ),  then  \a1[^ 

cos  \X  ^     y— 

C508  V  =    .    ' y ,  n  —  i  =  tan  (y  —  80**)  Vf ;  tan  \Z  sin  y  =  f?»a 


sin 


iz 


iff)  Given  Y  and  Z.  The  right-angled  spherical  triangle  has  its  vertices 
on  the  edms  J'and  Z  and  the  diagonal  axis.  If  £  =  the  inclination  of 
the  edge  i6  upon  this  diagonal  lateral  axis,  then : 

cos  hY  ^ 

cos  8  =  -^^4^;  but  n  -  i  =  tan  (120**-  8)  Vf, 

also 

(ISO*'—  8)  =  1/ ;  and,  as  befora,  tan  \Z  sin  v  =  mo. 

(c)  Given  X  and  Y.  In  the  oblique-angled  spherical  triangle,  with  its 
vertices  upon  the  edges  X  and  Y  and  the  vertical  axis,  the  three  angles 
are  Imown,  viz,,  \X^  \Y^  and  30**,  hence : 

2-n  _    cos  \XVZ. 
n  —  1  cos  \Y 

Further,  if  {  =  the  angle  of  inclination  of  the  ed^  X  upon  a  latera. 
axis,  that  is,  the  complement  of  the  same  edge  upon  tke  vertical  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  kY\ 

sin  I  =  n cot  J^,  and  tan  f  =  mo. 

If  the  pyramid  m-n  takes  the  form  m — ^^  as  detennined  by  its  zona] 

m — 1 

relations,  the  calculations  are    simplified,    since  one  unknown  quantity 

only,  m,  has  to  be  determined,  and  one  measurement  is  sufficient. 


B. — Rhombohedral  Division, 

The  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  true  hexa- 

S^nal  forms  has  been  made  clear  in  another  place.    The  rhombohedron  ia 
e  hemihedral  form  of  the  hexagonal  pyramid  m,  and  its  symbol  is  writ- 
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cen  ^ ,  or  usually  mB.    The  scalenohedron  is  the  cori'espondiug  henulie 

dral  form  of  the  twelve-sided  pyramid,  and  its  symbol  is  written  \(fnrfC^  <w 
m'R^\  The  latter  symbol,  proposed  by  Naumann,  has  reference  to  th€ 
rhombohedron  whose  lateral  edge  corresponds  to  the  edge  Z  of  the  given 
scalenohedron. 

The  formulas  given  by  Naumann  for  reducing  the  symbol  i(97Wi)  to  the 
form  m'R^  are  as  follows  : 


m' 


'  2  —  n 


n 


For  the  converse,  to  reduce  m'B^  to  the  form  i(m-n), 


m  =  m  V  and  n  = 


2n' 


n'  +  1 


252 


1.  Rh/ymbohedrona^  mli. — ^The  methods  of  calculation  are  simple,  and 

will  be  understood  from  f .  252.  The  edges  are  of 
two  kinds,  JT  and  Z,  and  their  relation  is  such  tliat 
the  corresponding  angles  are  the  supplements  of 
each  other. 

Given  the  angle  of  the  edge  X.  A  spherirni 
triangle  is  placed,  as  indicated  by  ABCjin  f.^252, 
with  Its  vertices  respectively  on  the  edge  Jl",  the 
vertical  axis,  and  the  diagonal  of  the  rhoml>ohe- 
dral  face,     in  this  triangle  A  =  iX,  JS  =  C0°, 

J   rr        AAO     u    i.  cos  A  COS  iX 

and  C/  =  90**,  but  cos  a  =    -^ — j    =   -^-—on 

sin  JS  sm  60 

here  a  is  the   inclination   of  the  diagonal    line 

upon  the  vertical  axis,  that  is,  the  complement  of 

a,  its  inclination  upon  the  basal  section.    Now  in  the  plane  triangle  abc^ 

where  ao  =  the  lateral  axis  =  1,  ai  =  Vf ,  hence,  tan  a  V'f  =  mc,  or  =  i^ 
the  vertical  axis  of  the  rhombohedron,  when  w  =  1. 
The  general  formulas  are  then  : 


sm  a 


cos  iX        ,  /- 


Obviously,  when  the  angle  of  R  (or  mli)  upon  the  basal  plane  O  can  be 
measured,  the  supplement  of  this  is  the  angle  a.  Similarly  the  angle  J?  Ai 
-  90°  =  a. 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  bo 
advantageously  applied.  Attention  tnust  also  be  calle3  to  the  zonal  relations 
of  certam  -h  and  —  ihombohedrons,  remarked  on  p.  36 ;  these  relations 
may  be  conveniently  shown  by  means  of  Quenstedt's  method  of  projection. 

2.  ScalenohedronSy  mli^. — As  seen  in  f.  171,  p.  37,  the  edges  are  of  three 
kinds,  X,  Yy  Z,  and  two  angles,  must  in  general  be  measnned  to  allow  of 


MATHEMATICAL  0BT8TALL0GBAFHT.  78 

the  determination  of  m  and  n.    The  methods  of  calcolation  are  not  alto* 
gether  simple.    The  following  equations  are  from  Nanmann. 

(a)  Given  Xand  Y. 

nia  found  from !L±4  =  ^^;  further,  sin  4Z  =—  cos  4X 
alflo, 

COS  f  = ?=->  and  cot  P  VZ  =  mo. 

iff)  Given  X  and  Z, 

2n   _    siniZ  .,       tan  jZ  ,r^ 

"TT  =  TV  ;  COS  f '=  — -7=—  ;  cot  f  r  8  =  fiw. 

n+1       cosiX  »        *         nV^ 

(c)  Given  Fand  Z. 

2n  sinJZ  ^,        tan  ^Z       ,         .,^/-^ 

;m=  •^3^17-5     coe  f  =   -j^^,  and  cot  f  \^3  =  fnc 

If  m,  that  is  the  inscribed  rhombohedron,  is  known,  one  measurement 
will  give  the  value  of  n.  Z  =  basal  edge  of  the  inscribed  rhombohedron 
(care  must  be  taken  to  note  whether  4>  is  obtuse  or  acute). 

(rf)  Given  X.  sin  ^  =:  2  cos  ^X  cos  ^Z\ 

tan(<^-iZ')cotiZ'  =  n. 
(e)  Given  Y.  sin  ^  =  2  cos  i  I^  cos  iZ'. 

tan(^+iZ^cotiZ'  =  n. 
(/)  Given  Z.  tan  iZ,  cot  iZ'  =  ru 

If  n  is  known.     From  X,  we  have  sin  iZ  = cos  iX  ;    then,  ai 

n-hl 

2n 
under  (a).    From  J",  sin  iZ  = cos  i  Y.  and  then  as  above.    From  Z, 

n— 1 
cos  f '  is  obtained  as  under  (a),  and  then  mc. 


*   IV.   OKTttORflOMBtO   SySTKIL 

Of  the  three  rectangular  axes  in  the  Orthorhombic  system,  otie  is  always 
taken  equal  to  unity,  in  this  work  the  shortest  {(X).  This  leaves  two 
unknown  quantities  to  be  determined  for  each  species^  namely^  the  lengthf 
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of  the  axes  i  and  ?,  expressed  in  terms  of  the  unit  axis  A^  and  for  thii 
end  two  independent  measurements  are  required.  The  simpler  oases  are 
considered  here. 

CdUsvlation  ofths  Lengths  of  the  Axes. 

Let    a  =  the  inclination  of  the  edge  Z  to  the  axis  d  (1  258). 
8  =z  the  inclination  of  the  edge  X  to  the  axis  d. 
y  =  the  inclination  of  the  edge  Y  to  the  axis  I. 

From  the  plane  triangle  formed  by  each  edge  and  the  axes  adjacent 
(f .  253, 254)  tne  following  relations  are  deduced,  when  dl  =  1 : 

1^  Given  a  and  /9,  tan  fi  =z  c  and  tan  a  =  2. 
^2^  Given  a  and  7,  tan  a  =  2,  and  i  tan  y  =  i. 
[3)  Given  0  and  7,      tan  fi  =^  iy  and  ^  cot  7  =:  i. 


The  angles  a,  /9,  7  are  often  given  direct  by  measurement ;  for,  obviously 
(f.  254,  255), 

a  =  the  semi -prismatic  angle  /A  7  (over  i-t). 

B  =  the  semi-basal  angle  of  1-i  A  1-t. 

7  =  the  semi-basal  angle  of  1-f  A  1-i. 

Also  /A  i-t  =  a  -h  90^  ;  1-i  A  i-i  =  /8  -h  90"^  ;  It  A  0  =  180<^— jg,  etc 

From  the  octahedron  (f.  253),  the  angles  a,  ^,  7  are  calculated  immedi- 
ately by  the  following  formulas,  and  from  them  the  length  of  the  axes  m 
above. 

(a)  Given  X  and  Z  (spherical  triangle  I,  f .  253), 


cos  a 


_    cosjX .  ^^  o  _    cosjZ 

-^    — I T-TT-  J  COB  p   —    — :; T-^ 

sm  iZ  sm  iX 


{b)  Ofiven  l^and  Z  (spherical  triangle  II,  f.  253), 

cos  iY      _  cos  iZ 

sm  a  =      .    l„  ;  cos  7  =    .    *^  . 
sm  iZ  sm  JZ 

(c)  Given  X  and  I^  (spherical  triangle  III,  f .  253), 

cosiP'  cos  i^ 


sm  p  =  — ; — ^-=.;  sm  7  =  >-, 


sin^X 


sin 


TT 
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If  ftuj  one  of  the  angles  Oy  fi,OTy  is  given,  as  from  the  measurement  of 
aprism  or  dome,  and  iQso  any  one  of  the  angles  of  the  octahedral  edges  ^, 
X ,  or  Zj  a  second  of  the  former  angles  may  be  calculated,  and  from  the 
two  the  axes  are  obtained  as  before.  The  formulas,  derived  from  the 
same  spherical  triangles^  are  as  follows  : 

(1)  Given  Xand  a,        sin  )9  =  cot  ^Xtan  a. 

Xand)9,        tan  a  =:  tan^^Z^sin^ 
Xand7,        cos  )8  =  cot  iXoot7. 

(2)  Given  I^and  a,        sin  7  =  cot  ^I^cot  a. 

Ysaidfij  cos  J  ==  cot  iY cot fi. 

P'and  7,  cot  a  =  tan  ^T  sin  7. 

(8)  Given   Z  and  a,  tan  7  =  tan  i  Z  cos  a, 

Z  and  fij  cos  a  =  cot  i  Z  tan  7. 

Z  and  7,  sin  a  =  cot  ^Z  tanfi. 


Calculation  of  the  values  of  m  and  a. 

The  above  formulas  cover  all  the  ordinary  cases,  the  only  change  that  Is 
required  in  them  is  to  write  for  <?,  ft,  a,  in  equations  (1\  (2),  (3),  above,  (f^  ft',  a\ 
the  lengths  of  the  axes  for  the  given  form,  noting  tnat  </  =  mc^  and  so  on. 

1.  l^rismsj  i^h  or  ir4i.  As  remarked,  the  semi-prismatic  angle  (over  i-i) 
is  the  ano^Ie  a  (f.  254"),  and  tan  a  =  nb.  If  the  calculated  value  of  n  is 
greater  than  unity,  tne  form  is  written  00  c  :  nb  :  a{i^) ;  if  less  than  unity, 
the  form  is  written  ao  0  :  ft :  na  (i-A),  ft  being  the  unit  axis.  Thus  i-J 
(ao  c  :  ift :  a)  becomes  i-2  (00  <; :  ft  :  2a). 

2.  DcmeSj  m-i  and  m-i. — ^No  further  explanation  is  needed  (f .  255) ;  here 
tan  ff  =  mc,  or  ft  tan  7  =  mc, 

3.  OctaAedrons^  m. — Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  where  tan  a  =  ft),  and  hence  a  single  meas- 
ured angle,  JT,  Y^  or  Z  will  give  the  values  of  either  fi  or  y  for  me  given 
form,  and  tan  ^  =  mc,  ft  tan  7  =  mc. 

4.  Forms  m-n  or  m-n. — The  measurement  of  the  angles  X,  Y,  Z  will 
give  the  values  of  a,  )8,  and  7  belonging  to  the  given  form,  and  tan  fi  =  mc^ 
tan  a  =  nb,  etc. 

Here,  as  in  the  prisms,  if  n  is  less  than  unity,  when  the  axis  d  is  the  unit, 
the  symbol  is  transposed,  and  the  axis  ft  made  the  unit,  tims  2c:  ^  :  a  (2-}) 
becomes  4c  :  ft  :  2a  (4-5). 

If  the  angle  between  the  form  mrn  (or  m-A)  and  either  of  the  pinacoide 
can  be  measured,  the  method  of  calculation  is  essentially  the  same  (Com- 
pare f .  248) ;  for 

m-n  A  O  (base)  =  supplement  of  the  angle  iZ; 

tn-n  A  i-t  (macropinacoid^  =  supplement  of  the  angle  i^^  and 

m-n  A  iri  (brachypinacoia)  =  supplement  of  the  angle  ^Xi 

The  method  of  calculation  of  planes  in  a  rectangular  zone  by  means  of 
the  tangents  of  their  supplement  basal  angles  finds  a  wide  application  in 
this  system.    It  applies  not  only  to  the  mam  zones  O  to  ir%  (macrodomes), 
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Otoi4  (br&cIiydonieB),  t-lto  i-(  ^vertical  priBmB),and  I  to  0  (nuit  oclah» 
dix>n8),  bnt  also  to  anj  z.')ne  of  octaliedronB  m-A  (or  mrA)  between  O  and  i  It 
(w  •-*),  and  any  transverse  zone  from  i-t  to  m-i,  and  i-i  tom-t. 


V.  MoHooLcno  SrsTEit. 

In  the  Monoclinic  system  the  number 
of  unknown  qnantitiea  is  three,  viz.,  the 
lengths  of  the  axes  e  and  b,  expressed  in 
terms  of  tbc  unit  clinodiagonal  bzjb  d,  and 
the  oblique  angle  fi  (also  called  C),  between 
the  basal  and  vertical  diametral  Bectiona, 
that  IB,  between  tlie  axes  c  and  d.  Three 
independent  mcaenremcntB  are  needed  to 
determine   tliCBc  cryEtallo^rnphic  elements. 

The  angle  0  ia  obtuse  in  tlie  nppcr  front 
qnadrants,  and  acute  in  the  lower  front 
quadrants  j  tlic  planes  in  the  first  mentioned 
quadrants  are  distinguished  from  those  be- 
low by  the  minus  sign.  The  unit  octahe- 
dron IS  made  up  of  two  hemi-octahedrons 
(—1  and  +1),  as  shown  in  f.  256. 

Calculation  of  the  Lengths  of  the  AsBet, 
and  the  Angles  of  obliquity. 
Represent  (see  f.  S56)  the  inclination  of  the 


Edge  X  on  the  axis  ^  by  /*.    X  on  a  by  v. 
X.'     "       "    h  "  /*'■    X'  on  d  by  v' 


Yonihjp. 
Zon  dhj  9. 


For  the  relation  of  the  axes  in  terms  of  these  angles  we  have : 

(1)  In  the  oblique-angled  plane  triangle,  in  the  clinodia^nal  section 

sin  II     ,  , 

a  :  c  =  Bin  u  :  Bin  v,  or,  c  =  -: —  when  a  s:  1. 
sm/* 

a  sin  /S  ^        ,        o  ain  (8 

tan  u  ~  — a. 

•^       o+a  cos  p 


wn  It. 

■  0  — aco6(ff 

tan  V 

_      c  sin  /3 
o  —  c  cos  ^ 

taojS 

_  2  Bin  M  Bin  m' 
sm  (^  -  m') 

Fiirtlier, 

/* 

+  >  +  )S  =  180'' 

a  +  ocos)8 

„      2  sin  !» flin  k* 
tan^=  -r— 7 jr-. 

sm  (v  —  »  J 
m'  +  »■'=  &. 
(2)  In  the  right-angled  triangle  of  the  orthodiagonal  section,  &  oot  ^  =  A 
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K\  In  the  basal  section,  d  tan  o-  =  & 

Tne  above  formulas  serve  to  determine  the  lengths  of  the  axes  and  the 
angle  of  obliquity,  or,  if  these  are  known,  to  determine  the  valnes  cf  m  and 
n  by  snbstitnting  me  for  c,  etc. 

The  angles  /i,  i/,  o,  o-,  etc.,  most,  in  general,  be  determined  by  calc^:latioB 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  positive  quadrant  on  the  cllnodi 
agonal  section  be  denoted  by  X:  that  on  the  orthodiagonal  section  by  2^. 
that  on  the  basal  section  by  Z.  Let  also  the  corresponding  inclinations  oi 
a  plane  in  the  negative  quadrants  be  indicated  by  J^\  Y*^  Z^  respectively 
(see  f  .  256). 

It  is  to  be  noted,  when  the  pinacoids  are  present,  that 

+  1a6>  =  180^-Z:     +lAi4  =  180*'-Z;    +  1  Ai-i  =  ISO^'-X; 
-lA6>  =  180^-2r;    -lAi.t  =  180*'-F';  -  1 A i-i  =  180**-X. 

The  same  is  true  for  the  corresponding  angles  of  the  general  form 
Ji:  fi»-n,  or  mrh. 
Also,  when  ±  1  (f.  256)  alone  are  present  (or  rn-n)  note  that 

+  1A+1  =  2X;  -1A-1  =  2X;    +  lA-1  (orthodiag.)=:  F+ y; 

(basal)=ZH-2r. 

Any  three  of  these  angles  will  serve  to  give  for  the  unit  fonn  (±1)  the 
len^h  and  oblicjuity  of  the  axes,  or,  when  these  are  known,  two  of  tnese 
angles  are  sufficient  to  deduce  the  values  of  ra  and  n  for  any  unknown 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
Y-V  Y  or  Z  -h  Z\  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X,  X'  and  Y-\-  Y  are  given.  Placing  a  spherical 
triangle,  abc^  in  f.  256,  with  its  vertices  on  the  edges  xl  X,  and  Y^ 
in  this  the  three  angles  will  equal  X,  X  and  Y-^-lT  respectively;  here 
tlie  side,  ac^  opposite  the  angle  (1^+  JQ  is  calculated,  which  gives  the  value 
of  /i  +  /i',  also  the  side,  hc^  opposite  X' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  he  and  X  are  known,  /i  is  obtained,  thus  yJ  is 
known  and  also  /8«  The  lengths  of  the  axes  follow  from  the  formulas 
given  above. 

The  following  are  some  of  the  cases  which  may  occur: 

(a)  Given  <?,  and  U.     OM-i  (£ront)=  WO**-  /8,  behind  =  /S. 

(*)  Given  0,  -  l-i,  and  +  1-i.    6>  A  -  l-»  =  180*^-  v'\  Oa+  U  =  180* 

—  K     By  the  formula  given  above,  tan  fl  =  —. — 7 77-,  also,  a  =  180^ 

•^  o  '        '^       sm  (1/  —  i/)  ' 

—  03+1^).  Thus  fit  fij  and  v  are  known,  and  from  them  the  relation  of  the 
axes  d  and  c  is  deduced* 


(c)  Given  i-f,  -  l-»  and  +  14.  ^'  A  -  1-i  =  180**-  fi',i4A  +  1^'  =  ISO* 
71.    As  before,  tan  /8  =  ^  ?^"/  ^^"  f",  and  v  =  180^-  (fi  -h  /i). 
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{d)  QWen  the  prism  /  and  0  (f.  267).  In  the  epberical  tciai^^  ABC, 
C  —  90°  (inclination  of  base  on  cliriodjagonal  section),  B=OsI,  A  = 
i(/A  /).    Hence,  tbe  sides  OA  and  CB  aie  calculated  ;  GA  =  fi{oT,aa 

in  this  ease,  180°—  ff) ;    CB  =  a;  wbidi  gives  the  ratio 

of  the  lateral  axes,  a  and  b. 


(e)  Given  t  -i,  1-i 
sin  p  tan  [(OAl-t)  - 


id  0.     Of'i-i  (behind)  =  /?,  and 
3"]  =  tan  p. 

(/)  Given  +1  and  —  1,  form  as  in  f .  366.  The 
angles  between  the  planes  +  1  uid  —  1  and  the  diune- 
tr^  sections  ore  indicated  bv  the  letters  Z,  Y,  eto.,u 
before  explained  (p.  77).  The  relations  between  these 
angles  ana  the  angles  u,,  p,  p,  etc.,  are  given  in  the  frl- 
lowing  fonniilas,  dednced  b;  means  of  spherical  triangles: 

cosX' 


O08,r         COS  JC 


tana-  ^  tan  p 
Bin  y       sin  ^' 


tan  fi' 
"  sin  p* 


sm  V  Bin  ft 

Uukv  ^      _      tan/ 

taa  Z—  -. — ,    tan  Z*  =  -= . 

sin  o-  sin  o- 


(a)  Given  the  prism  / 
/A/,-lA/,-lA-li 


and  - 


1  (or  +  1).  The  an^lei 
LSnred.  In  the  spheneal 
triangle  ABD  (f.  268),  the  angle  J  =  4(/a  I),B  =  — 
1  A  1,1)  =  4(—  1 A  —1)  =  X",  from  which  the  sides  AB 
=  v'  +  (180'*-  /3)  and  AB  are  calculated.  Then  in  the 
second  triangle,  .^^^,  (7  =  90°,  .^^  is  known,  also  X; 
ence,  CB  =  a  and  CA  =  180°  -  ff  are  calcnlated.  Thai 
v'  and  ;*'  and  /3  become  known,  and  the  relation  ot  dta 
i ;  also  from  a  follows  the  ratio  oi  dlob. 


Calcviation  of  the  values  of  m  and  n. 

In  general,  it  mar  be  said  that  the  methods  of  calcnlation  are  the  same 
<is  tliose  already  given.  In  each  case  the  valnes  of  /*,  v,  />,  a-  are  to  be 
obtained,  and  tnose  introduced  into  the  axial  equations  (1,  2,  8)  given 
above  give  the  values  of  mo,  nb,  etc.,  from  which  m  and  n  are  derived. 
^VhcQ  in  the  general  form  m-n  {tnc :  tii  :  a)  n  is  found  to  be  lees  than 
unity,  then  b  is  made  the  nnit  axis  and  the  form  la  written  m-A  {tne : 
b  :  na),  thus  2e:  ib:a  becomes  ie:b:2a  (4-)),  the  same  is  troe  for  m 
and  i-n. 

1.  Hemi-ootahedrons,   ±  m^. — Two  measurements   are  needed^  S^^i^V 
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two  of  the  angles  X,  Y^  Z,  etc.,  from  which  are  derived  /a  (or  i;),  p  (or  ir), 
and  from  the  proper  formulas  m  and  n. 

The  following  nemi-octahedrons  require  <me  measurement  only :  ±  rn^ 
±  Wrm^  ±  m-7/i,  ±  1-n,  ±  1-A.  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  ±,  m  have  the  same  ratio  of  the  lateral  axes  as  ±  1, 
that  is,  the  same  value  of  o*. 

Forms  ±  1-n,  and  ±  m-m,  have  the  same  ratio  of  the  axes  c  and  d  as  tlie 
unit  form  ±  1,  that  is,  the  same  values  of  /i,  v  {jl\  v'). 

Forms  ±  tTi^m,  ±  1-A,  have  the  same  ratio  of  the  axes  c  and  h  with 
±  1,  that  is,  the  same  value  of  p. 

2.  Form  i-n  (or  iritX, — If,  as  before,  X,  Y  represent  the  inclinations  of 
the  given  prism  on  the  clinodiagonal  and  orthodiagonal  sections  respect- 
ively, it  is  to  be  noted  that : 

X  +  r  =  90^ 

Similarly  to  f.  257,  we  obtain,  in  general,  for  any  form,  i-n, 

sin  /8  tan  X        ,  -     -  a  J  cot  X 

n  = ci-_ .  and  for  vn,  n  =  — ; — 3-. 

Since  i-»Ai4  =:  90^,  the  tangent  law  can  be  applied  in  this  zone  ad  van 
tageously.    If  X^,  Y^  are  the  corresponding  angles  for  the  unit  prism  /, 
then  for  ir^y 

tan  X      tan  J^  ,    -       .  .  tan  X*     tan  Y 

8.  Forms  dz  97^,  hemi-orthodomes. — For  each  form  the  corresponding 

values  of  /i,  v  (ji'j  v')  are  to  be  obtained  by  measurement  or  else  ciJculatea, 

and  from  them  the  value  of  mo  obtained  from  the  formulas  (1),  mc  = 

sin  y    , 
-. — ,etc 

4i  Forms  mrlj  clinodomes. — Similarly  as  with  the  prisms,  when  X  and 
Z  denote  the  angles  with  the  clinodiagonal  and  basal  sections, 

X+Z=90^ 

For  any  form  m^ 

-JcotX 
m  =  — ; — 3, 
c  sin  p 

Or  by  the  tangent  law  X^  being  the  corresponding  angle  for  Vi^ 

_  tanX^ 
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TsiGUNio  System. 

The  triclinic  Bystem  is  characterized  bj  its  entire  want  of  Bjmmetiy. 
The  inclinations  of  all  the  diametral  planes,  and  hence,*  the  incknation  oi 
the  axes,  are  oblique  to  one  another.  There  are,  then,  five  unknown  quan- 
tities to  be  determined  in  each  case,  viz.,  the  three  angles  of  obliquity  of 
tlie  axes,  and  the  lengths  of  the  axes  i  and  o,  d  being  made  =  1. 

The  axes  are  lettered  as  in  the  oi*thorhombic  system :  c  =  the  yertical 
axis,  b  =  the  macrodiagonal  axis,  and  d  =  the  brachydiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  c  and  i; 
909  13  =  angle  between  the  axes  c  and  d; 

'^  7  =  angle  between  the  axes  i  and  d. 

Also,  let  A  =  angle  of  inclination  of  the  diame- 
tral planes  meeting  in  the  axis  d;  Ji  =.  angle  of 
inclination  for  those  intersecting  in  the  axis  ^  and 
O  =  the  angle  of  those  meeting  in  o. 

The  macrodiagonal  (m-n)  and  brachydiagonal 
{m-fi)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  opposite  the  acute  angle 
(p)  are  called  +,  and  those  opposite  the  corre- 
sponding obtuse  angle  —  ;  furthermore,  the  planes 
in  front,  to  the  right  (and  behind,  to  the  left)  are  distinguished  by  an  accent, 
as  mrn\ 

In  the  fundamental  octahedron  formed  by  four  sets  of  planes,  these  arOj 
taken  in  the  usual  order  (f.  227),  —  1',  —  1,  +1',  +  1,  and  below,  +  1', 

+  i,-.r,-i. 

In  the  determination  of  any  individual  crystal  belonging  to  this  system, 
the  axial  directions  as  well  as  unit  values  have  to  be  assumed  arbitrarily ; 
in  many  cases  {e,g,j  axinite)  the  custom  of  different  authors  has  varied 
much.  Two  points  are  to  be  considered  in  making  the  choice :  1,  the  cor- 
respondence in  form  with  related  species,  even  if  tliese  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family  ;  and  2,  the  case  of  calculation,  which 
is  much  facilitated  if,  oi  the  planes  chosen  as  fundamental,  the  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  general,  the  methods  of  calculation  are  not  simple.  Some  of  the 
most  important  relations  are  given  here  (from  Naumann).  In  actual 
practice,  problems  which  arise  may  be  solved  by  some  of  tne  following 
formulas,  or  by  means  of  a  series  of  appropriate  spherical  triangles,  nsea 
as  in  the  preceding  pages,  and  by  which,  from  the  measured  angles,  thfl 
required  elements  of  the  forms  may  be  obtained. 

In  addition  to  the  angles  already  defined,  let,  as  follows  (f.  259), 

^=  inclination  of  a  plane  on  the  brachydiagonal  section ; 
y  =  "  "  "      macrodiagonal        " 

Z=  "  «  "      basal  « 

Let  the  inclination  of  the  edge, 

.I^on  ^  =  /i,  l^on  <5  =  p,  Z  on  4  r=  ^, 

X  on  df  =  V,  y  on  3  =  IT,  Z  on  2  =  r^ 
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When  the  three  pinacoids  are  present,  the  angles  Ay  By  O  are  given  b; 
tneasurement  These  angles  are  connected  with  the  axial  angles  by  tho 
following  equations : 

cos  A  +  cos  BcoR  C  r,     cos  B  +  cos  G  ooe  A 

co8a  = : — TT— : — -= ;     COS  p  = ; — y=—. — 3 ; 

sin  x^  sm  C/  sin  6^  am  ^ 

COS  C7  +  cos  -4  cos  B 

cos  7  = -. — -r—. — ^ ; 

sm  ^  sin  j& 

also, 

sin  a  :  sin  /3  :  sin  7  =  sin  j1  :  sin  jff  :  sin  O. 

The  relations  between  the  angles  a,  /3, 7,  and  the  angles  ia,  y,  etc.,  are  as 
foUowB : 

2  sin  p  sin  p       2  sin  w  sin  w^ 

tan  a  =     .    / ^  =  -%— 7 77-. 

sin  (/o  —  p  )        sin  (Tf  —  wO 

^      2  sin  li  sin  u'      2  sin  v  sin  1/ 

tan  /8  =     .    .^ ^  =  -; — 7 7T-. 

sin  (/*  —  /i )         sm  (v  —  j/) 

2  sin  T  sin  r'       2  sin  a  sin  o-' 

tan  7  =  — : — 7 ^  =  — ; — 7 K". 

'        sm  (t  —  t')  sm  (o-  —  cr  j 

a  +  7r  +  /:)  =  /8  +  /i  +  i;  =  7  +  o-  +  T  =  180^ 


Also, 


The  relations  between  X,  T",  Z,  and  A,  jB,  67,  and  /i,  i;,  etc.,  are  given 
by  the  following  formulas,  in  which  the  sum  and  difference  of  X  and  Y^ 
etc.,  are  calculated,  and  from  them  the  angles  JT,  T^  etc.,  themselves  are 
obtained : 

COB  i(/)  +  /*) 

tan  KX- F)  =  cot  i^ .  "!°  ffi  ~  ^j. 

tan  i(X+  Z)  =  cot  iA  .  '^  ji*"  ~  "}. 
^  '  cos  ^a  +  v) 

tan  KX-  Z)  =  cot  i4  . "°  y*^  ~  "j. 

tan  Kr+  Z)  =  cot  i^ .  ^^^T*"?- 

'^  COS  i(T  +  ir) 

tani(l"-^)  =  coti^.''!°y7^> 
^  '  sin  i(T  +  ir) 


COB 

Z  +  COB 

X 

006 

A 

Bin  X  Bin 

A 

1 

COB 

Z4-  COB 

T 

COB 

B 
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COS   Y  -h  COS  X  COB  (7 
OOBii= -  V-  '—'  ri f      COB  V  = 

•^  Bill  -A  bin  C/        ' 

cos  X  +  COS   y  COB  G 
C50B  p  =  ; sF?^-; 77- ,      COB  TT  = : ^:^^, ^ 

^  Bin  X  sm  t/        '  Bin  J^  sin  jB 

COS  JT  +  COB  ZCOB  -4           COB  P'-f  COB  Z  COB  jB 
COB  O-  =  : s— ; T ,   COB  T  =  -. «— ; ^j ^. 

sm  Z  sm  A  Bin  Z  sin  B 

Further,  sin  X :  sin  !F=  sin  /> :  sin  /i. 

sin  J" :  sin  Z  =  sin  t  :  sin  ir. 
sin  Z :  sin  X  =  Bin  1/ :  sin  o-. 

The  following  equations  give  the  relations  of  the  angles  fi,  y,  p,  etc   to 
the  axes  and  axial  angles : 

a  sin  fl  ^  c  sin  B 

tan  /i  = ^ ;    tan  i;  = ^--3. 

'^      0  — acosp  a  — {jcoB/8 

ft  Bin  a          ^                  0  sin  a 
tan  p  =  T ;     tan  if  =  v . 

a  sin  7  ^  h  sin  > 

tan  T  =  Y —  ;     tan  o-  = ^ — '- — . 

b  —  a  cos  7  a  —  b  cob  7 

Also,  sin  r  :  sin  o-  =  4  •  ^9 

sin  p  :  sin  TT  =  h\  <5, 
sin  V  :  sin  fi=  6  :d. 
For  any  form  twtti, 

TWr/i A i-i  =  180^-  r ;  ?Wrn A i-i  =  180^—  X;  m-nAO  =  180*^- -ZL 

For  a  vertical  heiniprism,  X-f  1^+  C7=  ISO**, 

d( :  6  =  sin  J* .  sin  a  :  sin  X  :  sin  ^8. 

For  a  inacrodiagonal  hemidoinc,  1^+  Z  4-  -B  =  180®, 

d( :  0  =  sin  y .  sin  a  :  sin  Z .  sin  7. 

For  a  brachydiagonal  hemidome,  X+Z  4- A  =  180®, 

3  :  0  =  sin  X  sin  /3  :  sin  Z  sin  7. 

By  writing  ?nc  for  c,  nb  for  b,  etc.,  these  formulas  will  answer  also  for 
the  determination  of  m  and  n.  It  is  supposed  in  the  above  that  the 
measured  edge  is  parallel  to  the  axis  of  the  given  heuuprism,  etc.;  when 
this  is  not  tlie  case  the  relations  arc  a  little  less  simple. 
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Measubement  of  the  Angles  of  Obystals.^ 

The  angles  of  crystals  are  measured  by  means  of  iustrumonts  wlilcl)  aie 
called  goniometers. 

The  simplest  form  of  these  instruments  is  the  hand-;;oniuinetor,  ropro- 
aented  in  f .  260.    It  consists  of  an  arc,  graduated  to  half  degroos,  or  fiuor, 

MO 


.and  two  movable  arms.  In  the  instrument  figured,  one  of  the  anrift,  a//, 
has  the  motion  forward  and  backward  by  means  of  slitu  g/i^  ik ;  iUa  other 
arm,  ctZ,  has  also  a  similar  slit,  and  in  addition  it  turns  around  ilu:  cAiUttc  of 
the  arc  as  an  axis.  The  planes  whose  inclination  is  Uf  \f4i  irji;ai»urcd  arif 
applied  between  the  arms  ao,  co,  and  the  latter  adjusted  no  that  they  and 
the  snr&ces  of  the  planes  are  in  close  contact  lliis  adjuKtrnent  luuni  \m 
made  with  care,  and  when  the  instrument  is  held  up  Uf  tnc  li^rtit  none  umki 
pass  through  between  the  arm  and  the  plane.  Tlte  niifnl>er  o(  i\Hyyht^  rea/J 
off  rm  the  arc  between  k  and  the  left  edge  of  d  Cthis  edge  t>eing  in  the  line 
of  the  centre,  o.  of  the  arcy  is  tb«  angle  required.  Tlie  \wKva%  v»  and  fro  br 
means  of  the  slits  is  for  the  sake  of  convenience  in  nthsu^nriw^  «fnall  or 
imbedded  erystak.  In  a  much  \jeUfir  fftrm  of  the  hthtmnteut  Hm  ^n$t%  are 
wholly  sepwiue'l  from  the  arc ;  and  the  arc  14  a  delicately  ^cnAustXe^i  drcle 
to  which  the  arms  are  ^juMed  after  tlie  meaisurerrienc 

The  hand-gvyia'/iiieter  is  uMrful  in  the  r^ase  «>f  large  er^ji^al^,  arjd  tiy/m 
whcee  £aee§  are  bot  well  )x>lisljed  :  the  m^^s^nrhfoetitk  wjtL  i%  f#r/)rerer^  aiv 
■eMom  whhin  a  quarter  of  a  de^gree  ot  st^iit^inw^.  In  kIj^  fjj^ni^t  kfA^^isfj^^tm 
at  ermak.  wbere  the  planes  are  fBOf/och  ^A  Imtr^/m,  r*A'^,u  f^r  %i^m^ 
aecmate  ziaj  he  ^AAsihjitd  bj  xjjeuu§  <;f  a  da£ferer.t  iitf!tru;^>^;^iL  ^MhA  ithtt 

19Cf9.  bat  i:  L*it  la«L  it-t^  bsjf^M^^  I:  iit*  Ta^/Ci.*  paur>  i^'-y?^  ;^Jt  t^j^^!^ 

be  JszsAa^jfA  vt  ji6f&rir»jc>9ir  v>  *^  {^aI^j^'z^-z  l-^irai^  f-  2>^1  -  '»7.>ii 
•rats  acrjnBtal.  wi«^>»it  a.*..-^i*:.  *vi.  ^  rv^n-^^rwi. 

The  cje  M  /^  k^^Jiaa^  m.  'Out  im^  ^  mt  cnscaL  ^  ^^Mtni^  i^ 


*  aecr  «&:»  siuio>i«au»flrar7  < 'iii4^««!:.  ^  IVi^  ««^ 
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e  direction  of  Pn.     The  crystal  may  now  be  so  cbuiged  ia 

its  position,  that  the  same  image  is  Been  reflected  ^ 
the  next  face  and  in  the  same  direction,  Pn.  T« 
effect  thJB,  the  crystal  niimt  be  tamed  around,  nntU 
o^  has  the  present  direction  of  he.  The  angle  d&^ 
measures,  therefore,  the  number  of  degrees  through 
wliich  the  crystal  must  be  tamed.  But  ahc,  snbtracted 
from  180°,  eqaala  the  required  angle  of  the  crystal, 
dbc  The  crystal  is,  therefore,  passed  in  its  resolution 
through  an  angle  which  is  the  supplement  of  the  required  angle.    This 


Ml 


angle  evidently  may  be  measured  by  attaching  the  crystal  to  a  gndoatod 
circle,  which  shonla  turn  with  the  crvstal. 

>  accompanying  cut  (f.  263)  represents  a  reflecting  goniometer  made 


m^  E 
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by  Oertling,  ti  Berlin.  It  will  suflBice  to  make  clear  the  general  character 
of  the  inRtrninent,  as  well  as  to  exhibit  some  of  the  refinements  added  foT 
the  sake  of  greater  exactness. 

The  circle,  C^  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  veniicr  at  v  the  readings  may  be  made  to  minutes  and  half  min- 
utes. The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  k\ 
tliis  may  be  removed  for  convenience,  but  in  ita  final  position  it  is,  as  here, 
at  the  extremity  of  the  axis  of  the  instrument.  This  axis  is  moved  by 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  m. 
These  motions  are  so  arranged  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  while  on  the  other  hand  tlie  revolution  of  ia  moves 
both  the  circle  and  the  axis  to  which  the  crystal  is  attached.  This  ar- 
rangement is  essential  for  convenience  in  the  use  of  the  instrument,  as 
willbe  seen  in  the  course  of  the  following  explanation. 

The  screws,  c,  d^  are  for  the  adjustment  of  the  crystal,  and  the  slides, 
a,  J,  serve  to  centre  iU 

The  method  of  procedure  is  briefly  as  follows  :  The  crystal  is  attached 
by  means  of  suitable  wax  at  ^,  and  adjusted  so  tliat  the  direction  of  the 
combination -edge  of  the  two  planes  to  be  measured  coincides  with  the  axis 
of  the  instrument ;  the  wheel,  n,  is  turned  until  an  object  {e,g,^  a  window- 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  {e,g,^  a  chalk  line  on  the  floor),  the  position  of  the  graduated  circle 
is  observed,  and  then  both  crystal  and  circle  revolved  together  by  means 
of  the  wheel,  w,  till  the  same  reflected  object  now  seen  in  the  second  plane 

S;ain  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  angle 
rough  which  the  circle  has  been  moved,  as  read  off  by  means  of  Uie 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  are  the  most  important : 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance 
should  not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted ;  this  is  so  when  the  line 
seen  reflected  in  the  case  of  each  plane  and  that  seen  directly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  edge  of  the  two  planes  measured  is  exactly  in  the  direction 
of  the  axis  of  the  instrument,  and  perpendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection-edge  must  coincide  with  a  line  drawn  through  the  re- 
volving axis.  This  condition  will  be  seen  to  be  distinct  from  the  preced- 
ing, which  required  only  that  the  two  directions  should  be  tlie  same.  The 
error  arising  when  this  condition  is  not  satisfied  diminishes  as  the  object 
reflected  is  removed  farther  from  the  instrument,  and  becomes  zero  if  the 
object  is  at  an  infinite  distance. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  bv 
the  use  of  a  telescope,  as  t,  f.  262,  with  slight  magnifying  power.  This 
Is  arranged  for  parallel  light,  and  provided  with  spider  lines  in  its 
focus.       It  admits  also  of  some  adjustments,  as  seen  in  the  figure,  but 
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wlien  used  it  must  be  directed  exactly  toward  the  axis  of  the  gionionioter 
This  telescope  has  also  a  little  magnifying  glass  (^,  f.  262)  attached  to  it, 
wl|icli  allows  of  the  crystal  itself  being  seen  when  mounted  at  k.  Thii 
latter  is  used  for  the  hi*st  adjustments  of  both  planes,  and  then  slipped 
aside,  when  some  distant  object  which  has  been  selected  must  bo  seen 
in  the  field  of  the  telescope  as  reflected,  lirst  by  the  one  planf^  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  aajustmente 
have  been  mbde  so  that  in  each  case  the  object  coincides  with  the  centre  of 
the  spider-cross  of  the  telescope,  and  when  further  the  edge  to  be  measured 
has  been  centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
large  enough  to  give  distinct  and  brilliant  reflections.  In  man}'  cases 
sufficient  accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and 
a  white  chalk  line  on  the  floor  below  for  the  two  objects  ;  the  instrument  in 
this  case  is  placed  at  tlie  opiX)site  end  of  the  room,  with  its  axis  parallel  to 
the  window  ;  the  eye  is  brought  veiy  close  to  the  crystal  and  held  motionless 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  figure),  the  centres  of  both  telescopes 
being  in  the  same  plane  perpendicular  to  the  axis  of  the  instrument. 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
protected  from  the  Wixht  by  a  screen)  will  be  reflected  in  the  successive 
races  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cnms  in  the  firet  telescope,  first  for  one  and  then  for  the  other  plane.  As 
the  lines  are  delicate,  and  as  exact  coincidence  can  take  place  only 
after  perfect  adjustment,  it  is  evident  that  a  high  degree  of  accuracy  is 
possible. 

Still  more  than  before,  however,  are  well-polished  crystals  required,  so 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossil)le.  Very  often,  however,  the  second  telescope  may  be  advantage- 
ously replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  proposed 
by  Websky,  allowing  of  being  made  as  narrow  as  is  convenient;  oV,  as  sug- 
gested by  Schrauf,  the  spider-lines  of  the  second  telescope  may  be  i-e- 
placed  by  a  piece  of  tin-foil,  in  which  two  fine  cross  lines  have  beeii  cut; 
these  are  illuminated  by  a  gas-burner.  By  these  methods  the  reflected 
object  is  a  briij:ht  line  or  cross,  instead  of  tlie  dark  spider-lines,  and  it  is 
visible  in  the  lirst  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  sonjewhat  rough  and  uneven  ;  the  image  is  naturally 
not  perfectly  distinct,  but  suflicientTTv  so  to  admit  of  good  measurements 
(tf.r/.,  within  two  or  three  minutes). 

Tlie  third  and  fourth  conditions  are  the  most  diflScult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
consists  of  a  jointed  arm  so  placed  as  to  have  two  independent  motioDB  at 
right  angles  to  each  other.  In  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivances 
have  been  devised  to  overcome  the  various  practical  dithcuUie*^  arising. 

Tlie  cut  (f.  262)  shows  one  of  these  in  its  simpler  form  The  crystal  ii 
approximately  adjusted  by  the  hand,  and  then  the  operation  com])leted  by 
uieans  of  the  sci'ewB  c  ana  d.     These  give  two  motions  at  right  angles  Ic 


HATinSHATICAL  CBTSTAIXOGRAPHT.  81 

each  other,  and  the  arrangement  is  such  that  the  motions  are  made  on  the 
surface  of  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  out  of  the  axis  of  the  instrument 
by  the  motions  of  tlie  screws.  The  adjustment  having  been  accurately 
made,  the  edge  is  centered  by  means  of  two  sliding  carriages,  a,  6,  moving 
at  right  angles  to  each  other ;  here  they  are  moved  by  hand,  but  in  better 
instruments  bv  line  screws.  The  edge  must  be  first  centered  as  carefully  as 
practicable,  then  the  complete  adjustments  made,  and  finally  again  centered, 
as  before,  to  remove  the  excentricity  caused  by  the  movement  of  the  ad- 
justment screws.  Tlie  suc(^essful  use  of  the  most  elaborate  instruments  is 
only  to  be  attained  after  much  patient  practice. 

Theoretical  discussions  of  the  various  errors  arising  in  measurements  and 
tlie  weight  to  be  attached  to  them  have,  l)een  given  by  Kuppfer  (Preis- 
schrift  iiber  genaue  Messung  der  Winkel  an  Krystallen,  1625),  also  by 
Nanmann,  Grailich,  Schrauf,  and  others  (see  literatui-e,  p.  iv). 

It  has  been  stated  that  when  the  two  planes  have  been  adjusted  in  the 
goniometer  so  that  their  combination-edge  is  parallel  to  the  axis  of  the 
instrument,  the  reflections  given  by  them  will  be  parallel.  It  is  evident 
f  ix)m  this  that  any  other  planes  on  the  crystal  which  are  in  the  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
reflections  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  intersections,  and  on  the  other  hand  showing,  in  regard  to  supposed 
zones,  whether  they  are  so  in  fact  or  not. 

Tbe  degree  of  accuracy  and  constancy  in  the  angles  of  crystals  as  they  are  g^ven  by  nature 
li  an  important  subject.  GrystaUography  as  a  science  is  based  upon  the  assumption  that  the 
forms  niade  by  nature  are  perfectly  accurate,  and  whenever  exact  measurements  are  possible, 
supposing  the  crystals  to  haye  been  free  from  disturbing  influences,  it  has  been  found  that 
this  assumption  is  warranted  by  the  facts;  in  other  words,  the  more  accurate  the  measure- 
ments th*'  more  closely  do  the  angles  obtained  agree  with  those  required  by  theory.  An 
example  may  illustrate  this : — On  a  crystal  of  sphalerite  (sine-blende),  from  the  Binnentbal, 
exact  measurements  were  made  by  Kokscbarow  to  test  the  point  in  question.  He  found  for 
the  angle  of  the  tetrahedron  70^  31'  48%  required  70'  31'  44' ;  for  the  octahedral  angle 
lOQ"*  ^  42\  required  109^  28'  16* ;  and  for  the  angle  between  the  tetrahedron  and  cube 
125*  15'  53\  required  125^  15'  52'.  The  ciystallographic  works  of  the  same  author,  as  well 
as  those  of  many  other  workers  in  the  same  field,  contain  many  illustrations  on  the  eainc 
subject.  At  the  same  time  yariations  in  angle  do  occasionaUy  occur,  from  a  change  in 
chemical  compoattion,  and  from  various  disturbing  causes,  such  as  heat  and  pre^^^ire  (see 
further,  p.  107).  Further  than  this,  it  is  universally  true  that  exact  measurements  arc  in 
comparatively  few  cases  possible.  Many  crystals  are  large  and  rough,  and  admit  of  onlj 
approximate  results  with  the  hand  goniometer ;  others  have  faces  which  are  more  or  less 
polished,  but  which  g^ve  uncertain  reflections.  This  is  due  in  some  cases  to  striations,  in 
others  to  the  fact  that  the  surfaces  are  curved  or  more  or  less  covered  with  markings  oi 
etchings,  like  those  common  on  the  pyramidal  planes  of  quartz.  In  all  such  cases  there  is  a 
greater  or  less  discrepancy  between  the  measured  and  calculated  angles. 

The  important  point  to  be  noted  always  is  the  degree  of  accuracy  attainabl*^,  or,  in  othe; 
words,  the  probable  error.  The  true  result  to  be  accepted  is  always  to  be  obtained  by  the 
discu.ssion  of  all  the  measurements  in  accordance  with  the  methods  of  least  squares.  Thin 
method  involves  considerable  labor,  and  in  most  cases  it  is  sufficient  to  take  the  arithmetical 
mean,  noting  what  degree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
that  where  measurements  vary  largely  the  probable  error  in  the  mean  liccepted  will  be  con- 
siderable ;  moreover  jui  approximate  measurement  may  not  be  the  more  accurate  because  i( 
happens  to  agree  closely  with  the  theoretical  angle. 

For  the  determination  of  the  symbols  of  planes,  measurement  accurate  within  30',  or  even 
1°,  are  generally  sufficient 

Whan  planer  are  rough  and  destitute  of  lustre  the  angles  can  best  be  obtained  wiU»  tltf 
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refleoting  gODiomcter,  the  refleotionfl  of  the  light  from  an  object  like  a  candle- flame,  being 
token  in  place  of  more  diatinot  images. 

For  imbedded  ciystals,  and  often  in  other  caseB,  meaanremcnta  may  be  yeiy  ftdTantag» 
onaly  made  from  impreasions  in  some  material,  like  sealing-wax.  Angles  thus  obtained  on^it 
to  be  aconrate  within  one  degree,  and  snffioe  for  many  purposes.  It  is  sometimes  of  adTan* 
tage  to  attach  to  the  planes  to  be  measured,  when  quite  rough,  fragments  of  thin  gUuM,  from 
which  reflections  can  be  obtained ;  this  must,  howeyer,  be  done  with  care,  to  ayoid  oonrider- 
able  error. 

COMPOUND,  OR  TWIN  CRYSTAIiS. 

Twin  crystals  are  those  in  which  one  or  more  parts  regularly  arrraneod 
are  in  reverse  position  with  reference  to  the  other  part  or  parts.  They 
often  appear  externally  to  consist  of  two  or  more  crystals  symmetrically 
imited,  and  sometimes  have  the  form  of  a  cross  or  star.  They  also  exhibit 
the  composition  in  the  reversed  arrangement  of  part  of  the  planes,  in  tlie 
strifiB  of  the  surface,  and  in  re-entering  jingles  ;  in  other  cases  the  componnd 
structure  is  detected  only  by  polarized  light.  The  following  figures  are 
examples  of  the  simpler  kinds.     Fig.  263  is  a  twinned  octahedron  with 
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re-entering  angles.  Fig.  2f)3A  represents  the  regular  octahedron  divided 
into  two  halves  by  a  plane  parallel  to  an  octahedral  face  ;  the  revolving  of 
the  upper  half  around  1S0°  produces  the  twinned  form.  Fig.  264  consists 
of  a  square  prism,  with  pyramidal  terminations,  twinned  parallel  to  a 
diagonal  plane  between  oi)po8ite  solid  angles,  as  illustrated  in  f.  264a, 
a  representation  of  the  simple  form.  A  revolution  of  one  of  the  two 
halves  of  f.  264a  180°  about  an  axis  at  right  angles  to  the  diagonal  plane 
outlined  in  the  figure,  would  produce  the  form  in  fij^c.  264. 

Crystals  which  occupy  pai-allel  positions  with  reference  to  each  other, 
that  IS,  those  whose  similar  axes  and  planes  are  parallel,  are  not  properly 
called  twins  ;  the  term  is  applied  only  where  the  crystals  are  united  in  their 
reveiTsed  position  in  accordance  with  some  deducible  mathematical  law.  In 
conceiving  of  them  we  imagine  first  the  two  individuals  or  portions  of  the 
same  individual  to  be  in  a  panillel  position,  and  then  a  revolution  of  180* 
to  take  place  about  a  certain  line,  as  axis,  which  will  bring  them  into  the 
twinning  position. 

An  exception  to  the  principle  in  regard  to  parallel  axes  in  afforded  in  the  case  of  hemlht* 
dral  crystals,  in  some  of  which  a  revolation  of  180^  has  the  effect  of  producing^  an  appac«Dl|| 
holohcdral  form,  the  axes  of  the  parts  revolved  rcuaiuin^  puriJlel. 
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In  1000  OMM  (t.g..  hen^ooal  foims),  ararolaticni  of  60°  would  piodatx)  the  twinned 
(ami,  bat  in  ttestisgf  of  the  aabject  it  ia  better  to  make  the  mufocm  aaamnption  of  a  ravola 
(ion  of  xM',  which  will  answer  in  all  OBoes. 

It  is  not  to  be  Bappoeed  that  twin*  haye  actnall;  been  fonned  b;  moh  a  rerolation  of  the 
paitM  of  ciTBtaia.  for  the  twin  la  the  result)  of  tegular  molecalu  growth  or  enlaigement,  lilie 
Uut  of  the  simple  crystal.  This  reference  to  a  TtBobUion,  and  an  actis  of  TtaAaiion,  is  onlj 
a  convenieiit  means  of  describing  the  tonus.  Bat  while  this  is  tme,  it  is  important  to  ob- 
Ksrre  that  the  Inuw  dednoed  to  explain  the  twinning  of  a  crystal  hare,  fiom  a  moleoulai 
Kaudpoint,  a  real  existence.  The  meaanrements  of  Sohraot  on  twins  of  oerusaite  (Tsoh. 
llin.  Mitth.,  1873,  209)  show  the  complete  oorrespondance  between  the  actoal  angles  and 
thoae  required  in  accordanoe  with  the  law  of  twinning;. 

Tunnninff  axis. — The  line  or  axis  about  which  the  revolution  of  180°  is 
•apposed  to  take  place  is  called  the  twiouing-oxis  (ZwilltiigBaxe,  Oerm^, 
or  axis  of  revolution. 

The  following  law  has  been  deduced  in  regard  to  this  axis,  apoa  which 
the  theory  of  the  whole  subjct:t  depends : 

The  twinning  axis  is  always  a  possible  crystallogi-aphic  line,  usnally 
either  an  axis  or  a  normal  to  some  possible  cryataMine  plane. 

Ttmnninff-piaTis.— The  plane  normal  to  the  axis  or  revolution  is  called  ' 
the  twiniiiug-planc  (Zwillingaflache,  Oenn.).  The  axis  and  plane  of  twin- 
ning bear  the  same  relation  t^  both  individuals  in  tbeir  reversed  position  ; 
consequently  (except  in  some  of  hemihedral  and  triclinic  forms)  the  twin- 
ned crystals  are  syiaiueti'ical  with  reference  to  the  twinning-plane. 

CmnpoaitionrplaTia. — The  plane  by  which  the  reversed  crystals  are  united 
is  the  coinposition-jtlatie  or  ^ace  (Zusammensetznngsfliiche,  Germ.).  This 
and  the  t winning-plane  very  commonly  coincide;  this  is  true  of  the  simple 
examples  given  above  (f.  263,  264)  where  the  plane  about  which  the  revolu- 
tion ia  conceived  aa  having  taken  place  (normal  to  the  twinning  axis),  and 
the  plane  by  which  the  semi-individuals  arc  united,  are  identical.  When 
not  coinciding  the  two  planes  are  generally  at  right  anzles  to  each  utlier, 
that  is,  the  composition  tace  is  parallet  to  the  axis  of  revolution.  Examples 
of  this  are  given  beyond  (p.  99).  Still  again,  where  the  crystals  are  not 
regularly  developed,  and  where  they  interpenetrate,  and,  as  it  were,  exer- 
cise a  disturbing  influence  upon  each  other,  the  contact  surface  may  be 
interrupted,  or  may  be  exceedingly  irroeiilar.  In  such  cases  the  axis  and 
plaae  of  twinning  have,  as  always,  a  dehnite  position,  but  the  composition- 
lace  has  lost  its  significance. 

Thus  in    quartz    the  interpenetrating   parts  have  **" 

often  no  rectilinear  boundary,  but  mingle  in  the  most 
irregular  manner  throughout  the  mass,  and  showing 
this  composite  irregularity  by  abrupt  variations  of  the 
planes  at  Che  surface.  Fig.  265  exhibits  by  its  shaded 
part  the  parts  of  the  plane  ~-  1  that  appear  over  the 
surface  uf  the  plane  Jc,  owing  to  the  interior  composi- 
tiou.  This  internal  structure  of  quartz,  found  in  almost 
all  quartz  crystals,  even  tlic  common  kinds,  is  well 
brought  out  by  means  of  polarized  light ;  also,  by 
etcliing  with  hydrofluoric  add,  the  plane  —  1  and  Ji 
becoiuini;  etclicd  unequally  on  the  same  amount  of 
expueare  to  tlie  acid. 

The  twinuin^-ulane  is,  with  rare  exceptions,  a  pos- 
tible  occurring  plane  on  the  given  species,  and  usually  one  of  th^'.  more 
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fri?qucnf  or  fundamental  planes.  The  exceptions  occur  only  in  the  tricliiiic 
and  inonoclinic  systems,  where  the  twinning  axis  is  sometimes  one  of  the 
oblique  crystal lographic  axes,  and  then  the  plane  of  twinning  normal  to  it 
is  ohvioiisly  not  necessdnly  a  crystal] ographic  plane,  this  is  conspienons  in 
all>ite.  In  these  cases  the  coni[X)sition-face  is  often  of  more  significance 
than  the  twinning-plane,  the  former  being  distinct  and  pamlTel  to  the 
axis,  in  accordance  with  the  principle  stated  above. 

With  reference  to  the  composition-face,  the  twinning  may  be  described  as  taking  place  (11 
by  a  revolution  on  an  axis  at  right  angles  to  the  oomposition-faoe,  (2)  on  an  azia  pazallel 
to  it  and  vertical,  (3)  by  an  axis  parallel  to  it  and  horizontal;  whether  the  revolotioii 
takes  place  with  the  right  or  left  half  of  the  crystal,  the  twin  is  right-  or  left-handed. 

One  further  principle  is  of  theoretical  importance  in  the  mathematical 
explanation  of  the  forms.  The  twinning  axis  may,  in  many  cases,  be  ex- 
changed for  another  line  at  right  angles  witli  it,  a  revolution  about  which 
.  will  also  satisfy  the  conditioiis  of  producing  the  required  form.  An  exam- 
ple of  this  is  furnished  by  f.  31^,  of  orthoclase ;  the  composition-face  ifl 
pjirallel  to  i-i,  the  axis  of  revolution  also  parallel  to  this  plane,  and  (a)  nor- 
mal to  i-i,  which  is  then  consequently  the  twinning-plane,  tliough  the  axis 
does  not  coincide  with  the  crystallographic  axis,  or  (i)  it  may  coincide  with 
the  vertical  axis,  and  then  the  twinning-plane  normal  to  it  is  not  a  crvs- 
tallograpliic  plane.  In  other  simpler  cases  also,  the  same  principle  holdfl 
good,  generally  in  consequence  of  the  possible  nmtual  interchange  of  the 
planes  of  twinning  and  composition.  In  most  cases  the  true  twinning-plane 
18  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe- 
matical ratio. 

An  interesting  example  of  the  above  principle  is  furnished  by  the  species  stanrolifte. 
Fig.  307,  p.  98,  shoe's  a  prismatic  twin  observed  by  the  author  among  crystals  from  Faniiiii 
Co.,  6a.     The  measured  angle  for  %-i  A  i-i'  was  70^  30' ;  the  twinning-azis  deduced  from 

this  may  be  the  normal  to  the  plane  i^y  which  would  then  be  the  twinning-plane.  Instead 
of  this  axis,  its  complementary  axis  at  right  angles  to  it  may  be  taken,  which  wiU  equaliiy 

weU  produce  the  observed  form.  Now  in  this  species  it  happens  that  the  planes  i-3  and  i-| 
(ovnr  t-t)  are  almost  exactly  at  right  anglel  (00^  8')  with  each  other,  and  hence,  according  U 
this  latter  supposition,  t"^  becomes  the  twinning-plane,  and  the  axis  of  reyolntion  ia  normil 

to  it.  Hence,  either  i-j  or  I'-l^  may  be  the  twinning-plane,  either  supposition  agrees  doseljr 
with  the  measured  angle,  which  could  not  be  obtained  with  great  accuracy.     The  fonner 

method  of  twinning  (i-i)  conforms  to  the  other  twins  observed  on  the  spedes,  and  heoeeil 
may  be  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it  will  seldon 
happen  that  of  the  two  complementary  axes  each  is  so  nearly  normad  to  a  plane  of  the  cxyitsL 
In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  a  normal  to  a  possible  i^aaa, 
and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the  true  twinning 


Co nt/ic't 'twins  and  Pe}ietrat Ion-twins. — In  contact-twins,  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  bjf 
tlie  composition-face;  this  is  illustrated  by  f.  263,  2G4.  In  actually  occiuv 
ring  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by  theorVf 
hut  one  may  pi*eponderate  to  a  greater  or  less  extent  over  the  other;  in 
i^uine  cases  only  a  small  portion  of  the  second  individual  iu  tlio  reversed 
position  may  exist.  Very  great  iiregularities  arc  observed  in  nature  in  thii 
respect,  ^foreover,  the  re-entering  angles  are  often  obliterated  by  the  »!► 
novmal  developments  of  one  or  other  ot'  the  parts,  and  often  only  aii  indifr 
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dnct  line  od  some  of  the  faces  marks  the  division  between  the  two 
Individ  nais. 

PetietratioT^twins  ai-e  those  in  which  two  or  more  complete  crystals 
interpenetrate,  as  it  were  crossing  throngh  each  other.  >(ormally,  the 
crystals  have  a  common  centre,  which  is  the  centre  of  the  axial  system  fo** 
both;  practically,  however,  as  in  contact-twins,  great  irregularities  occnr. 

Examples  of  these  twins  are 

r'ven  in    the  annexed    fignres,  266 

2G6,  of  flnorite,  and  f.  267,  of 
hematite.  Other  examples  occur 
in  the  pa^^  following,  as,  for 
instance,  of  the  species  staurolitc, 
f .  309  to  312,  the  crystals  of  which 
sometimes  occnr  in  nature  with 
almost  the  perfect  symmetry  de- 
manded by  the()ry.  It  is  obW- 
ons  that  the  distinction  between 
contact  and  penetration-twins  is 
not  a  very  important  one,  and  the  line  cannot  always  be  clearly  drawr 
between  tliem. 

Paragenic  and  Metagenic  twins. — The  distinction  of  paragenic  and 
mctagenic  tn-ins  belongs  rather  to  crystallogeny  than  crystallography.  Yet 
the  rt)rms  are  often  so  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  important. 

In  ordinary  twins,  the  compound  structure  had  its  beginning  in  a  nucleal 
compound  molecule,  or  was  compound  in  its  very  origin  ;  and  whatever 
inequalities  in  the  result,  tliese  are  only  irregularities  in  the  development 
from  such  a  nucleus.  But  in  others,  the  crystal  was  at  first  simple ;  and 
afterwards,  throuixh  some  chanixe  in  itself  or  in  the  condition  of  the  mate- 
rial  supplied  for  its  increase,  received  new  lAyei*3,  or  a  continuation,  in  a 
revei"sea  position.  This  mode  of  twinning  is  inetagenic^  or  a  result  subse- 
quent to  the  origin  of  the  crystal ;  while  the  ordinary 
mode  is  paragenic.  One  form  of  it  is  illustrated  in 
f.  268.  The  middle  portion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  genicn- 
lated  simultaneouslv  at  either  extrcmitv.  These 
gcniculations  are  often  repeated  in  rutile,  and  the 
ends  of  the  crystal  are  thus  bent  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  forms. 

This  metagenic  twinning  is  sometimes  presented 
by  the  successive  layers  of  deposition  in  a  crystal, 
as  in  some  quartz  crystals,  especially  amethyst,  the 
inseparable  layers,  exceedingly  thin,  being  of  oppo- 
site Knids.  So  calcite  crystals  are  sometimes  made 
up  of  twinned  layers,  which  are  due  to  an  oscillatory 
process  of  twinnin;^  attending  the  progress  of  the 

cr}'8tal  In  a  similar  manner,  crystals  of  the  triclinic  feldspars,  albite, 
etc.,  are  often  made  np  of  thin  plates  parallel  to  i-l,  by  oscillatory  compo- 
iiition,  and  the  face  (/,  accordingly,  is  finely  striated  parallel  to  the  eogc 


BatUe. 
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Repeated  twinning. — In  the  preceding  paragraph  one  case  of  repeated 
twiniiiiig  haa  been  mentioned,  that  of  the  feldspai-E ;  it  ie  a  case  of  paraJlA 
rwpetitioii  or  parallel  grouping  of  the  enccessive  crystala.  Another  kind  ia 
that  which  le  illnstrated  by  f.  295,  297,  311,  where  the  succeeeivelj 
reveraed  individnala  are  not  parallel.  In  this  case  the  axea  may,  however, 
lie  in  a  zone,  as  the  prismatic  twine  of  aragonite,  or  tliey  may  be  iuclined 
to  each  otlier,  as  in  f.  311,  of  stani'olite.  In  all  snch  casea  where  tlie  repeti- 
tiou  of  the  twinning  tends  to  pi-odnce  circalar  forms,  as  f .  281,  of  rntile,  the 
number  of  individnala  ie  equal  to  the  nnmbcr  of  times  the  angle  between 
the  two  axial  systems  is  contained  iu  360°.  For  example,  five-fold  twins 
occur  in  the  tetrahedi-ona  of  gold  and  sphalerite,  eince  5  x  70°  33'  (the  tetra- 
hedral  angle)  =  360°  (approx-J.  A  compound  crystal,  when  there  are  three 
indtvidiiale,  is  called  a  TriUing  (Drilling,  Germ.),  where  there  are  foor 
individuala,  a  Fourling  (Vicrling,  Oerm.),  etc,     (See  also  on  p.  186.) 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  lawa 
at  once  are  of  rare  occorrcnce ;  an  excellent  example  is  afforded  by  etatiro- 
lite,  f.  312.  They  have  also  been  observed  on  albite  (f.  333),  orthoclase, 
cbalcncite,  and  in  other  less  distinct  cases. 


Examples  of  different  methods  of  Twinning.* 

Isometric  Sfstem. — With  few  exceptions  the  twins  of  this  system  are  ol 
one  kind,  the  twiiming  axis  an  octahedral  axis,  and  the  twinning  plane 
eonsequently  an  octahedral  plane ;  in  most  casea  also  the  tatter  coinddei 


Ooleoite.  SphaJeiite.  Qmleulte. 

with  the  compoeition-face.  Fig.  263  shows  this  kind  as  applied  to  tbl 
Bimple  octahedron,  it  is  especiallj-  common  with  the  spinel  group  of  min- 
erals ;  similarly,  f.  269,  a  more  complex  form,  and  also,  f .  270,  a  dodeet- 
hedron  twinned  ;  all  these  are  contact  twins.  Fig.  271  ia  a  peuetratiOD 
twin  following  the  same  law ;  the  twinning  being  repeated,  and  the  fcHm 
flattened  pai-allel  to  an  octahedral  face.    Fig.  266,  p.  91,  shows  a  twin  oi 

*  A  complete  eDnmeration  of  the  different  methods  ot  twiontng  obwned  nndai  tbe  dI8» 
•Dt  BTStemn.  with  detailed  deschptioiu  and  maiir  fl^iea.  wiU  be  foond  in  Vol.  II,  of  Bon 
Sndebeok'H  UiyataUoffiaphf  (AngetnodW  Ciratallagnipbie,  281  pp.,  8rc,  Badia,  1870). 
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Baorite,  two  iuteipenetrating  cubes;  f.  272  exhibits  a  dodccahedral  hrin 
of  eod^ite  occnrring  in  nature  of  almoet  ideal  Bymmetiy,  and  f.  273  ia  » 
tetrohedml  twin  of  the  epecies  tetrahedrite ;  the  same  law  is  true  for  all. 


Fi"9.  274,  275,  276,  are  twins  whose  axes  are  parallel ;  these  forms  are 
poeeible  only  with  hoinihedral  crj'stals.  The  twinning  axis  is  here  a  dode- 
cahedrai  axi«  and  the  twinning  plane  e.  dodecahedral  plane.    The  same 


Pjrite. 


Hagnutite. 


method  of  composition  is  often  seen  in  dendritic  crystallizations  of  native 
gold  and  copper,  in  which  the  angle  of  divergence  of  tlie  branches  ia  60° 
and  120°,  the  iuterfacial  angles  or  a  dodecahedron.  The  brownish-black 
mineral  in  the  mica  from  Pennsbiiry,  Pa.,  is  magnetite  in  this  form  (f,  277), 
aa  fii-st  observed  by  G.  J.  Brnsli. 

TErKAOosAL  System, — The  most  common  metliod  is  that  wliere  the  twin- 
nlni^plane  is  parallel  to  \-i.  It  is  especially  characteristic  of  rutile  and 
cas^toritc.  This  is  illustrated  in  f.  264:  and  similarly  in  f.  278.  Fig.  268 
■hows  a  similar  twin  of  rutile,  and  In  f.  281  to  2$3  the  twinning  according 
to  this  law  is  repeated.  Iii  f,  281  the  vertical  axes  of  tlie  Bucccssivo  six 
individuals  lie  in  a  plane,  and  an  enclosed  circle  is  the  result ;  in  f.  2S2  t)ie 
aacceaaive  vertieal  axes  form  a  zig-zag  line  \  there  are  here  four  individuals, 
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add  four  inoro  behind,  the  last  (VIII)  uniting  with  tJie  first  (I),  uid  lot  it 
be  devaloped  vertically,  and  the  complex  form  pi'oduced  resolts  iu  tlie 
BcalenohcdroD  twin  of  f.  283.     In  chalcopjrite,  the  octahedron  1,  whitdt  U 


very  near  a  regular  octahedron  in  angle,  may  be  the  twinning-plane,  and 
forme  are  thus  produced  very  similar  to  f.  263.  With  hemihedral  fonni 
twinning  may  take  place  as  Bnowo  in  f.  280,  where  the  axis  of  revolatioa 


is  a  diagonal  axis,  and  the  piano  of  twinning  the  prism  I.  It  is  not  alwan 
indicated  1>y  a  re-entering  angle,  but  is  sometimes  only  shown  by  Ut 
ohlioue  striations  in  two  directions  meeting  in  the  line  of  contact. 


Another  mode  of  twinning  is  that  occurring  in  leucite,  observed  b^  i 
Rath,  who  showed  the  s)>ccies  to  be  tetragonal.  The  twioiiing-plano  u  h 
i-i.    (Jahrb.  Min.,  1S73,  113.) 
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lUXAOOHAi.  System.— In  the  holohedral  division  of  this  system  twins  are 
rare.  An  example  is  furntghed  by  pyrriiotite,  f.  284,  whore  the  twinniuj^ 
plane  is  the  pyramid  1,  the  vertical  axes  of  the  individual  crystals  being 
iiearly  at  rigtit  angles  to  each  other  (C?  A  1  =  135°  8").  Another  example 
IB  tri'dyraite  *  (see  p.  288),  where  the  twiuniog-plane  is  either  the  pyramid 
1  ori- 


Caloite. 


In  the  species  of  the  rbombohedral  division  twins  ai-e  rmmerons ;  the 
ordinary  niethoda  are  the  following:  the  twinning-plane  the  rhombohe- 
dron  R,  f.  285  ;  the  rhombohedron  -2i2,  f,  288 ;  the  rhombohedrou  ~^It, 
f.  286.  The  last  mentioned  method  is  common  in  maeses  of  calcite,  where  by 
its  frequent  repetition  it  gives  rise  to  thin  lamellsa ;  these  ai-e  observed 
often  in  cryatallmo  limestones.    (See  p.  173.) 


Oaldte.  C«lcit«.  Prtugyiite. 

The  twinning-plane  may  also  be  the  basal  plane,  the  axis  of  revolution 
consequently  the  vertical  axis.  This  is  illustrated  in  f.  287,  a  complex 
penetration  twin  of  chabazite,  also  f.  267  (hematite),  and  in  f.  269,  290. 
It  is  also  common  with  quartz,  the  two  crystals  sometimes  distinct,  and 
joined  by  a  prismatic  plane,  sometimes  interpenetrating  each  other  very 
UT^;aIar]y,  as  shown  in  f.  265. 


M 
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Obthobhohbto  Ststek. — In  the  orthorhombic  syatem  twins  are  exceed 
ingly  common,  and  the  variety  of  luethoda  is  very  great.  These  may,  how- 
ever, be  brought  into  two  groups,  according  ae  the  twinning-plane  is  (1)  a 
prismatic  plane,  vertical  or  horizontal,  or  (2)  an  octahedral  plane.  The 
twinning  is  veiy  often  repeated,  and  always  in  accordance  with  the  law 
already  stated,  that  the  iiumber  of  individuals  is  determined  by  tlie  number 
of  times  tliat  the  angle  of  the  two  axial  systems  is  contained  in  360° 
(a)  Twinning  parallel  to  a  prism  whose  angle  is  approximately  120*, 
1.  Prism  vertical. — The  principal  examples  are  aragonite,  T  A  I  ^  116' 
10' ;  ceriissite,  I  f\  I  =  117"  13' ;  witherite,  lA  I  =  118°  30' ;  bromlita 
I  hi  ^  118°  50';  chalcocite,  /  A  7  -  119°  35';  stephauite,  JaI  =  116* 
39';  dyscrasite,  /A /=  119°  59'.  Figs.  291,  292,  represent  twins  of  ara- 
gonite in  accordance  with  this  law-.  Figs.  293,  294,  show  crosB-aections  of 
the  two  prisms  of  the  preceding  figures,  m  the  hitter  the  form  is  hexagonal, 
though  not  regularly  so.     Fig.  295  is  a  cruciform  twin  of  the  same  a 


Angonite.  Arsgomt«. 

2.  Priam  horiaorUai  ;  that  is,  a  macrodome. — Examples :  areenoprritt^ 
1-*A  1-i  =  120°  46' ;  leadhillite,  1-iA  14  =  119'  SO"; 
n»a  huraite,  type  I. 

3.  Prism  horizontal ;  that  is,  a  bracUydome.— 
Examples  :  manganite,  1-i  A  1-i  =  122°  50\i.  296); 
chrvsoberyl,  3-t  A  3-i  (f.  300)  =120"  13' ;  wliimbita, 
2-lA2-i  =  117°  20'. 

In  all  these  cases  there  is  a  strong  tendency  toward 
repetition  of  the  twinning,  by  whicli  forms  often  stel- 
late, BoinGtinies  api>ai-cntTy  hexagonal,  result.  These 
forms  are  illustrated  in  the  following  figures  :  f.  297 
is  of  witherite ;  f.  298  a  crystal  of  It^adhillite,  in  ib 
twinned  form  of  very  rhombohedfal  aspect  Figi> 
299  and  300  aro  both  chrysobcryl,  where  S-i  is  & 
twinning-plane ;  six-rayed  twins  are  very  common  in 
this  species. 
The  genesis  of  these  forms  is  further  illustrated  by  the  follffffing  cKMi' 


Huiiranite. 
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aeotiona.    Fi^.  301  showe  a  croes-eection  of  a  cemssite  twiii,  aad  f.  2 
nf  the  crjBtalof  leadhilUte  figured  above  (f.  298). 


W 

3  CDS 


ill 


In  f.  303,  three  rhombic  prisms,  /,  of  ara^nite,  are  combined  about  their 
acute  angles,  the  dotted  lines  showing  the  outlines  of  the  prisms,  and  the 
croee  lining  the  direiition  of  the  bradiydiafonal :  and  in  f.  304,  foar  are 
Bimilarly  united.     In  f.  305,  three  aimilar  pnanw,  /,  are  combined  about  the 


^-^l*' 


obtuse  angle.  This  twin  combination  may  take  the  form  of  a  hexagonal 
prism,  with  or  without  re-entering  angles  ;  of  a  three-rayed  twin,  like  f. 
801,  and  if  a  |»enetration-twin,  o£  a  composite  prism,  like  f,  306  {the  num- 
bering of  the  parte  showing  the  relation),  or  a  aix-rayed  twin.  In  all  these 
cases  the  Btelfate  form  depends  on  the  extension  of  the  individuals  beyond 
the  normal  limits. 


38' 


rt)  Prismatic  angle  approximately  that  of  tlie  regular  octahedron,  100' 
I .     An  example  is  furnished  by  the  species  staurolite  (f.  307),  where  th 
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twiiiiiing-platie  is  i4>  »»d  tl»e  corit»pondiua  pi-iematic  angle  is  109^  14f 
^vcr  i4,  or  70"  46'  over  i4). 
Another  ox&inplc  is  fumiaheo 
by  inareasite,  ivhosej)ri8raatic 
angle  is  106'  h'.  The  twins 
are  ceuerally  coiDponnd,  the 
repetition  with  the  twinning- 
plftiie  Bonictimes  pai-allel, 
BoiHGtimes  oblique,  see  p.  247 
In  f.  308  tiie  componra  '^ryi*. 
tal  coneista  of  five  indiriilualB, 
jl^j^j^j^  sinwj  five  times  73°  55'  is  ap- 

proxiniately  equal  to  360°. 
^1  approximately  90°.  Examples  are  furnished  by 
boimionite,  /  -A  /—  91°  12',  see  p.  254,  and  etaui-olite.  In  the  latter  caM 
the  twiunuig-plaiie  is  a  brachydome,  J-iE,  and  the  angle  is  91°  18' ;  the  form 
is  shown  in  f.  309,  it  being  that  of  a  nearly  rectangular  cross.  Sec  also 
pliillimite,  p.  345. 

2.  Tlie  twinning-plane  may  be  also  an  octahedral  plane.  An  excellent 
example  is  furnished  by  staurolite,  where  the  twinning-plane  is  J-i  (f.  310). 
The  crystals  cross  at  angles  of  nearly  120°  and  60°,  Eence  the  fijrm  in  f. 
311,  consisting  of  three  individuals  (tnllin")  forming  a  six-rayed  star.  In 
f.  312  both  this  mctliod  of  twinning  and  Uiat  mentioned  aboTO  are  coni- 


(c)  Prismatic  i 


bined.  There  are  thus  for  the  species  stanrolite  three  methods  of  twin- 
ning, parallel  to  »-},  to  |-f,  and  to  J-"^.  If  the  occurring  prism  is  made  *-}, 
then  the  three  twinning-plaiies  become  /,  l-(,  1,  or  fundamental  planes,  at 
is  usually  true. 

MoNOci.iMc  SYSTEM. — Tlio  following  exiimjiles  comprise  the  more  com- 
monly occurring  methods  of  twinning  in  this  svKtcm, 

(a)  Till!  tivinning-plane  is  the  orthopinniioid  (i-i).  This  is  true  in  the 
case  of  the  uonnuon  twins  of  orthoclase  (f.  31«),  called  the  Carlsbad  Aeuu 
The  axis  fif  revolution  is  normal  to  i-i  (see  also  p.  90),  while  the  twti 
crysuila  «re  united  by  the  clinopinacoid,  which  is  consequently  the  compo- 
sition-fiice.  These  twins  may  be  either  right-  or  left-nanded  (f.  818  m 
f.  :il'.i),  according  as  the  right" or  left  half  of  the  simple  form  (£ 817)  hit 
hcfU  revolved. 
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Pijf.  313,  of  pyroxene,  is  another  familiar  example ;  eo  also  f.  314,  of  wblcli 
f.  315  is  the  eimple  form.  Fig.  320  is  a  twin  of  scolecite,  where  tho  twin 
atiiicture  in  shown  hj  the  striations  on  the  clinopinacoid. 


i 

^Toxene. 


AmphibolB. 


,  with  i-i  the  twinning-plane,  is  shown  i 
Tlie  mode  of  eombi- 


Halaohite. 


A  form  of  penetratio 
f.  321  (from  von  Lang). 

nation  and  cross-penetration  of  the  two  crystals 
1,  2,  is  illustrated  in  f.  322;  it  is  a  medial  section 
of  f.  321  from  front  to  back. 

(i)  Tho  twinning-piane  may  also  be  the 
busHi  plane.  This  is  common  with  orthoclase 
ff.  324) ;  also  with  gypsum  (f.  323).  It  has 
also  been  observed  by  the  author  in  chondro- 
dite.  type  II  and  III,  from  Brewster,  N.  T,,  see 
1>.  305" 

(c)  Fi^.  325,  326,  327  show  another  method 
<if  twinning  of  orthoclase  parallel  to  the  clino- 
dome,  24.  These  twins  are  peculiar  in  that 
llioy  form  nearly  reetangnlar  prisms,  since 
<?  A  2-i  =  135°  3i'.  Thev  arc  common  among  the  orthoclase  crystiils  from 
iiaveno,  and  hence  are  called  Baueno  twins.  This  metliod  of  twinning  is 
alsf>  common  with  the  aniazon-stooe  of  Pike's  Peak. 

Tlic  union  of  fonr  crystals  of  this  kind  produces  the  form  represented  in 
f.  325;  and  the  same,  by  penetration,  develops  the  penetration -twin  of 
f.  327  (from  v.  Rath),  which  appai-ently  consists  of  fom-  pairs  of  twins,  but 
may  be  regarded  as  made  by  tne  ci-oss-penet ration  of  the  crystals  of  two 
pairs,  or  of  the  fonr  of  f.  325. 

Forms  like  f.  325  may  have  one  of  the  fonr  parts  un<]e^'eloped  and  so 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  such  com 
poniid  twins  generally,  may  be  very  unequal. 

Twins  corresponding  to  those  of  the  orthorhomhic  system,  where  tho 
twinning-plane  is  a  prism  whose  angle  is  nearly  120°,  have  been  observed 
by  vomltath  in  hnmite,  types  II  and  111. 

TsicLcno  SYSTEM. — In  the  twins  of  the  triclinic  system,  the  three  ajoi 
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may  be  axes  of  revolution,  in  whicli  case  the  twinning-planes  are  not  occur 
ring  crystal lographio  planes ;  or,  tlto  pinacoid  planes  may  be  the  ))laDes  of 
twinning  and  the  normals  to  them  the  axes  of  revolution.  Son[ie  u{  the 
cases  are  illuBtrated  in  the  following  fignres  of  albite.  In  f.  829  tbfl 
bi-auhy  pinacoid  (i-i)  is  the  twinning-plane ;  f.  32S  is  the  same,  but  it  ia  a 
penetration-twin ;  this  is  the  meet  common  method  of  twinning  with  tbii 
spGciea. 


In  f.  332  the  vertical  axis  is  the  twinning-axis.  Fig.  S83  (from  G.  Boae] 
is  a  donbie  twin,  the  two  halves  of  which  are  like  f.  328,  but  they  are 
twinned  together  like  f.  333.     It  happens  in  albite  that  the  plane  angles 


OB  i-i,  roadu  by  the  edges  /A  O  and  I A 1  differ  but  37'  (the  former  bdu 
116*^  26',  the  latter  115°  55'),  and  hence  it  is  that  in  the  twin  O  «nd  1  M 
nearly  into  one  plane. 
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Compofiition  (^trallel  to  O^  where  the  revolation  is  on  a  horizontal  axu 
normal  to  the  shorter  diagonal  of  O^  is  ex- 
emplified in  f.  334  (from  Q.  Rose).  Both 
riglit-  and  left  -handed  twins  of  this  kind 
occur;  also  double  twins  in  which  this 
method  is  cornoined  with  twinning  (like 
that  in  f .  329,  330),  parallel  to  i-l. 

A  thorough  discussion  of  the  method  of 
twinning  in  the  triclinic  system  has  been 
given  by  Schrauf  in  his  monograph  of  the 
species  brochantite  (Ber.  Ak.,  W  ien,  Ixvii.,  275, 1873). 


Albite. 


ReGULAB  GiWUPTNO   OF   CRYSTALS. 

CJonnected  with  the  subject  of  twin  crystals  is  that  of  the  parallel  posi- 
tion of  associated  crystals  of  the  same  species,  or  of  different  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  corresiK)nding  planes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  fie  on  the  support- 
ing rock.  On  glancing  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  from  the 
corresponding  face  in  each  of  the  other  crystals,  showing  that  the  crystals 
are  throughout  similar  in  their  positions. 

Crystals  of  different  species  often  show  the  same  tendency  to  parallelism 
:n  mutual  position.  This  is  time  most  frequently  of  species  which,  from 
similarity  of  form  and  comi>osition,  are  said  to  be  isomorphous  (see  p.  199). 
Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this ;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  mica  are  also  at  times  observed  associated  in  parallel  position. 

The  same  relation  of  ]x»3ition  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  tlie  latter.     Breithaupt  has  figured  crystals  of  calcite,  whose  rliombo 
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hedral  faces  ^-  \R)  had  a  series  of  quartz  crystals  upon  them,  all  in 
parallel  position  (f.  335);  and  Frenzel  and  v«>m  Rath  have  described  the 
Kline  asecciation  where  three  such  quartz  cry^taU,  r^ne  on  each  rhomlx>- 
liodral  face,  entirely  enveloped  the  calcite,  and  uniting  with   re-enterinjf 
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anules  formed  peeiido-twins  (rather  trillings)  of  quartz  aftei  calcite.  TIh 
anmor  hae  described  a  Bimilar  occurrence  from  '•  Specimen  Monntain,"  io 
the  Tellowstone  Park;  the  form  is  ebown  in  f.  336,  (Am.  J,  Sd,  IIL, 
xii.,  1876.) 

IRREGUIlARITIES  of  CRTSTAIiS.. 

Tbe  laws  of  crvstallizatioii,  when  unmodified  by  extrinsic  cauaee,  should 
pi-odiice  forms  of  exact  symmeti'j' ;  the  angles  bein^  not  ouly  eqaal,  but 
also  the  homologniis  faces  of  crystals  and  tlie  dimensions  in  the  directions 
of  like  axes.  This  symmetry  is,  however,  sn  unconimon,  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  Cryatals  are  very 
generally  distortwl,  and  often  the  fundamental  forms  are  so  completely  di»- 
giiiscd,  tliat  an  intimate  familiarity  with  the  possible  iri-egnlaritiee  is  re- 
quired  in  order  to  unravel  their  complexities.  Even  the  angles  may 
occasionally  vary  rather  witiely. 

The  irregularities  of  crystais  may  be  treated  of  under  several  heads:  1, 
Imperfectiong  of  surface ;  2,  Variations  of  form  and  dimeneione ;  8, 
Variatiotu  of  angles  ;  4,  /nternalitnperfections  and  impuriiieg. 

I.  Ihperfkctions  d.'  the  Sitbtaoes  of  Cbxbtals. 

1.  Stn'ations  or  an-fiular  elevations  arining  from  osottlatory  oomHn^ 
tions. — Tlie  parallel  lines  or  furrows  on  the  surfaces  of  crystals  are  called 
struB,  and  such  surfaces  are  said  to  be  striateii. 

Each  littie  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  Tiicse  planes  often  corresp<»nd  in  position  to  diffei^ 
ent  planes  of  tlie  crystal,  and  we  may  suppose  tliese  ridges  to  have  been 
formed  by  a  continued  oscillation  in  the  operation  of  the  causes  that  give 
rise,  when  acting  uninteiTuptedly,  to  enlarged  planes.  By  this  means,  the 
surfaces  of  a  crystal  are  marked  in  parallel  lines,  with  a  succession  of  nai^ 
row  planes  meeting  at  an  angle  and  constitutini;  the  ridges  referred  to. 

Tliip  combination  of  different  planes  in  the  fonna* 

y3"  tion  of  a  surface  lias  been  termed  osciUaforp  coro' 

Hnation.     The  horizontal  Strife  on  prismatic  crystals 

of    quartz    are    examples  of    this  combination,   ir. 

which  the   oscillation  has  taken  place  between  the 

i>nsuiatic  and  jn-ramidal  pianos.  As  the  crystals 
cngthcned,  there  was  apparently  a  contiiuial  effort 
to  ussnnie  the  terminal  pyramidal  planes,  whicli  effort 
was  interruptedly  ovcrc<.>me  bv  a  strong  tendency  to 
an  increase  in  the  length  of  the  prism.  In  this 
manner,  crystals  of  quartz  are  often  tapered  to  s 
point,  without  the  usual  pyramidal  termiuatioiis. 
Hagnetite.  Other  examples  nre  the  striation  on  the  cubic  fauos 

of  pyrite  parallel  with  tlie  interpections  of  the  cube 
with  the  planes  of  the  pyritoliodnui ;  also  the  striatious  on  magnetite 
(f.  aSTl  due  to  tbe  Oflciliiitiou  between  the  octahedron  and  dodecal  fidn.-u 
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PrifliDBof  tourmaliiie  are  very  commonly  bounded  vertically  "by  tliree  convene 
BDrfaces,  owing  to  an  oscillatory  combination  of  the  planes  /and  i-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  lesa 
distinct,  due  sometimes  also  to  oscillatory  combination.  Octahedrons  of 
fluorite  are  common  which  have  for  each  face  a  surface  of  minute  cubes, 
proceeding  fi-om  an  oscillation  between  the  cube  and  octahedron.  This  ia 
a  common  cause  of  drusy  surfaces  with  the  crystals  of  many  minerals. 

2.  Striations from  oscillatory  composition, — The  striations  of  the  plane 
O  of  albite  and  other  triclinic  feldspars,  and  of  the  rhonibohedral  surfaces 
some  calcite,  have  been  attributed,  on  p.  91,  to  oscillatory  twinning. 

3.  Markirvgs  from  erosion  and  other  causes, — It  is  not  unconnnon  that 
the  faces  of  crjstals  are  uneven,  or  liave  tlie  crystalline  structure  developed 
as  a  consequence  of  etching  by  some  chemical  agent.  Cubes  of  galenite 
are  often  tluis  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  are 
somerimes  present  as  evidence  with  regard  to  the  cause.  Crystals  of  numer- 
ous other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes  show  the 
same  result  of  partial  change  over  the  surface— often  the  incipient  stage  in 
a  process  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  in- 
vestigations have  been  made  by  various  authors  on  the  action  of  solvents  on 
different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
tliis  way.     These  are  referred  to  axjain  in  another  place  (p.  122). 

Tlie  markinors  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  uj>on  the  planes,  are  a  part  of  the  original  molecular  growtli  of 
the  crystal,  and  often  serve  to  show  the  successive  stages  in  its  history. 
They  are  the  imperfections  arising  from  an  interrupted  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth  and  even  crystalline  faces 
being  the  result  of  completed  action  free  from  disturbing  causes.  Ex- 
amples of  the  marking  referred  to  occur  on  the  crystals  of  most  minerals, 
and  conspicuously  so  on  the  pyramidal  planes  of  quartz. 

The  development  of  this  subject  belongs  rather  to  crijstaMogeny  ;  refer- 
enr-e  may,  however,  be  made  here  to  the  memoii*s  of  Scharff,  bearing  on 
this  subject,  especially  one  entitled  "  Ueber  den  Quarz,  II.,  die  Ueber- 
gangsfljichen,''  Frankfort,  1874 ;  also  to  the  Crystallography  of  Sadebeck 
(for  title  see  Introduction). 

It  follows  from  the  symmetry  of  crystallization  that  like  ])lanes  should 
he  physically  alike,  that  is  in  regurd  to  their  surface  character;  it  thus 
often  happens  that  on  all  the  crystals  of  a  species  from  a  given  locality,  or 

Ecjrhaps  from  all  localities,  the  same  planes  are  etched  or  roughened  alike. 
'or  example,  on  crystals  of  dat-olite  from  Bergen  Hill,  the  plane  --2-i 
is  almost  uniformly  destitute  of  lustre ;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  surfjbces  may  result  from  {a)  oscillatory  combination  ;  or  (6) 
some  independent  molecular  condition  producing  curvatures  in  the  laminse 
of  the  crystal ;  or  (c*)  from  a  mechanical  cause. 

Curved  surfaces  of  the  lirst  kind  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f.  339,  of  calcite  ;  and  another 
in  the  same  mineml  in  the  lower  part  of  f .  338,  in  which  traces  of  a  scaleno- 
hedral  form  are  apparent  which  was  in  oscillatory  combination  with  tlic 
prismatic  form. 


lOt 


OBTSTAUjOOKAPBT. 


Carvattires  of  the  second  kind  Bometimes  have  all  the  fncuQ  ctonrex.  Thii 
ie  the  case  in  crystaU  of  diamond  (f.  340),  some  of  which  are  almoet 
Bphei-cs.  Tlie  mode  of  curvature,  in  which  all  the  faces  ara  eqnally  oon 
vex,  ie  Icse  common  than  that  in  which  a  convex  snrface  is  opposite  and 
parallel  to  a  corresponding  concave  surface.  Rhombohcdrons  of  eiderite 
(see  p.  40SJ)  are  usually  thus  curved.  The  feathery  cnrvea  of  frost  on  win 
dowB  and  tnc  flagging  atones  of  pavements  in  winter  are  other  examples  of 
curves  of  the  second  kind.  The  alabaster  roeettee  from  the  Mammoth 
Gave,  Ky.,  are  similar. 


A  third  kind  of  enrvature  is  of  m^chanieal  origin.     In  many  species 
crystals  appear  as  if  they  bad  been  broken 
^*'  transversely  into  many  pieces,  a  slif^ht  dis- 

placement of  which  has  given  a  curved  form 
to  the  prism.  This  is  commuii  in  tourmaline 
and  beryl.  The  beryls  of  Monroe,  Conn., 
often  present  these  interrupted  curvatures, 
V-A  \     \-NAWWV^     as  repi-esented  in  f.  341. 

Boryl.  Monioe,  Oonn.  Crystals   not  unfrequently  occur  witli   a 

deep    pyiamidal   depression  occupying  the 

?lBce  of  each  plane,  as  is  often  observed  in  common  salt,  alnm,  and  sulphnr 
'his  is  due  in  part  to  their  rapid  growth. 


II,  Variations  m  the  Forjcs  axd  Dihbnsions  of  Cbtstals. 

The  simplest  modification  of  form  in  crystals  consists  in  a  simple  varia- 
tion in  length  or  bieadth,  without  a  disparity  in  similar  secondary  planes 
The  distortion,  however,  e.\tendg  \ery  generally  to  the  secondary  planes, 
especially  when  the  elongation  of  a  crvsral  takes  place  in  the  direction  of  a 
diagonal,  instead  of  the  crystal lograpliiu  Rxe;^,  In  many  instances,  one  or 
moi-e  planes  are  obliterated  by  the  eiilariremont  of  nthere,  proving  a  sC'r.i-co 
of  much  [Jerpiexity  to  *he  student.  The  iuterfacial  angles  remain  constant, 
noaffected  by  these  variations  in  form.  Tlicac  changes  in  furm  often  give 
rice  to  what  is  called  by  Sadcl)eck  paeudo-xijmnietry  ;  the  distoi-tod  fcmu 
of  one  system  a|)pearing  similar  to  the  normal  forms  of  another.  (Comftare 
tlie  descriptions  of  the  following  figures.)  As  most  of  the  diSicultiee  :&  tlie 
•  See  p.  188  for  nnother  iiw  "f  this  word. 
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study  of  crystals  ariaes  from  these  distortions,  this  subject  is  one  of  greftt 
impoiHiDCO. 

Figs.  342  to  353  represent  examples  from  the  isometric  system. 

A.  cuds  lengthenea  or  Bhortened  along  one  axis  becomes  a  right  eqaare 
prism,  and  if  varied  in  tlie  direction  of  two  axes  is  changed  to  a  rectangu- 
lar prism  Cubes  of  pjrite,  galenite,  fluorite,  etc,  are  generally  thns  aia- 
torted.  it  is  very  niiusual  to  iind  a  cubic  crystal  that  is  a  trnc  Bymmetncal 
cube.  In  some  species  the  cnbe  or  octahedron  (or  other  isometric  form)  ia 
len^hened  iuto  a  capillary  crystal  or  needle,  as  happens  in  cuprite  and 
pynte. 

An  octahedron  fiatt»j\ed  parallel  to  a  face,  or  in  the  direction  of  a  trigonal 
iiiteraxis,  is  reduced  to  a  tabular  crystal  (f.  342).  If  UruftAened  in  the 
same  direction,  it  takes  the  form  in  f.  343  ;  or  if  etill  farther  lengthened 
to  the  obliteration  of  A',  it  becomes  an  acute  rhombohedron  (same  ogure). 


When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two 
opposite  edges,  or  that  of  a  rhombic  interaxis,  it  has  the  general  form  of 
a  rectangular  octahedron;  and  still  farther  extended,  as  in  f.  344,  it  is 
i:hanged  to  a  rhombic  prism  with  diliedi-al  summits  (spinel,  fluorite,  magne- 
tite).    The  iigni-e  represents  this  prism  lying  on  its  acute  edge. 

The  dodecahedron  lengthened  in  the  direction  o£  a  diagonal  between  the 


nbttisc  solid  angles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  aix- 
sided  prism  with  tliree-sided  summits,  as  in  f.  345 ;  and  shortened  m  the 
snmc  direction  is  a  tAort  prism  of  the  same  kind  (f.  346).  Both  i-esemble 
rliombohedml  forms  and  arc  common  in  garnet  and  zinc  blende.  When 
lengthened  in  the  direction  of  one  of  the  cubic  axes,  it  l)ecome8  a  square 
prism  with  pyramidal  summits  (f.  347),  and  shortened  along  the  same  axi» 
It  is  reduced  to  a  square  octahedron,  with  truncated  basal  angles  (f.  34S). 
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The  trapeswliedron  is  Btill  more  dis^iaed  by  ita  distortionB,  Wlien  elon- 
gated in  tue  lino  of  a  trigonal  interaxis,  it  assumes  tlie  form  in  f.  349  ;  and 
still  fttitlier  lengtliencd,  to  the  obliteration  of  some  of  tlie  planes,  becomes 
a  scalene  dodevatiedi-on  (f.  350),  This  has  been  dliserved  in  flnor  spar. 
Only  twelve  planes  iii-e  liere  present  out  of  the  twcnty-fonr.  Threads  of 
native  g<ild  from  Oivpitn,  ai-c  ^itrings  of  crystals  presenting  tlie  form  of  a 
very  iicnic  i-honunilu'ilnm,  with  tlie  ntlici'  pliiuc?  of  the  trisoctuhodron  3-3 
(the  pynmii<iiil  liiid  ii-iniinul  uhins-c  rhi.nil;nheiirol)  ([tiitc  gmali  ut  the  ex- 
tremities.— Sec  Am.  J.  ^'-i.,  vol,  xxxii.,  p.  133,  18S6. 

If  the  ch)n£rntJon  of  the  trapezohedron  takes  place  along  a  cubic  axis,  it 
becomes  a  double  eigliteided  pyramid  with  four-sided  summits  (f,  351)  ;  or 
if  these  summit  planes  are  obliterated  bv  a  farther  extension,  it  becomea  a 
complete  eight-sided  double  pyramid  (f,  §52), 


A  Bcaleno-dodecahedron  of  calcite  is  shown  distorted  in  f.  353,  which  ap- 
pears, however,  to  be  an  eight-sided  prism,  bounded  laterally  by  the  planet 
Ji,l',  1',  and  ^,  and  their  opposites,  and  terminated  by  the  remaining  planes. 
The  following  figures  of  quartz  (f.  354,  355)  represent  distorted  forms  of 
this  mineral,  in  which  some  of  tlio  pyramidal  faces  by  enlargement  dis- 
place the  prismatic  faces,  and  nearly  obliterate  some  of  tue  other  pyramidal 
faces ;  see  also  f,  S"" 


Calaito. 


QoBTtt. 


Qomrta 


Fig.  356  is  a  distorted  crystal  of  apatite  ;  the  same  is  shown  in  f.  357 
with  the  normal  symmetry.  The  planes  between  O  and  the  right  /  are 
ralargcd,  while  the  corresponding  planus  hclow  are  in   part  oblitei-atfd 
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By  observing  that  similar  planes  are  lettered  alike,  the  correspondence  of 
the  two  figures  will  be  understood. 

In  deciphering  the  distorted  crystalline  forms  it  must  be  remembered 
that  while  the  appeamnce  of  the  crystals  may  be  entirely  altered,  the  angles 
remain  the  same ;  moreover,  like  planes  are  physically  alike,  that  is,  a£ke 
in  degree  of  lustre,  in  striations,  and  so  on. 
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Apatite. 


In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
nature  are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in 
consequence  of  this  are  only  partially  developed.  Thus  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
set  of  pyramidal  planes ;  perfectly  formed  crystals,  as  those  from  Herkimer 
Co.,  N.  Y.,  having  the  double  pyramid  complete,  are  rare.  The  sarpe 
statement  may  be  made  for  nearly  all  species. 


in.  Vabiationb  in  the  Angles  of  Obystals. 


The  greater  part  of  the  distortions  described  occasion  no  change  in  the 
inierfacial  angles  of  crystals.  But  those  imperfections  that  produce  con- 
vex, curved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  may  sometimes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presence  of  impurities  at  the  time  of  crystallizatic^i 
may  also  have  a  like  effect. 

btill  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more 
or  less  coniplete  metamorphism  or  the  enclosing  rock. 

The  change  of  composition  rcjiulting  in  pseudomorphous  crystals  (see 
p.  113)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  thai 
tlie  pseudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irreguiaritici 
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arising  from  imperfections  in  the  process  of  ciystalUzation,  or  fn^a 
changes  produced  subsequently,  variations  in  the  angles  are  rare^  and  the 
constancy  of  angle  alhided  to  on  p.  87  is  the  universal  law.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  io 
tlic  crystals  of  the  same  species  from  different  localities,  the  canse  forthii 
can  usually  be  found  in  a  diflFereuce  of  chemical  composition.  In  the  case 
of  isomorphous  compounds  it  is  well  known  that  an  exchange  of  correspond- 
ing chemically  equivalent  elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  sliglit  variation  in  the  funda- 
mental angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  upon  p.  168. 


lY.  Lttebnal  Imperfections  and  Impujuities. 

The  tmnsparency  of  crystals  is  often  destroyed  by  disturi)ed  crystallitt- 
tion,  or  by  impurities  taken  up  from  the  solution  during  the  process  of 
ci-ystallization.  These  impurities  may  be  simply  coloring  ingredients,  or  tbej 
may  be  inclosed  particles,  fluid  or  solid,  visible  to  the  eye  or  under  the 
microscope.  The  coloring  ingredients  may  vary  in  the  couree  of  formatioD 
of  the  crystals,  and  thus  Tayei*s  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Mass.,  have  a  red  centre  and  blue  exterior;  othen 
from  Elba  arc  sometimes  light-ffreen  below  and  black  at  the  extremity; 
many  other  examples  might  be  given. 

The  subject  of  the  fluid  and  solid  inclosures  in  crystals  is  one  tonhtt 
much  attention  has  been,  directed  of  late  years.  Attention  was  early  ciQed 
to  its  importance  by  Brewster,  who  described  the  presence  of  fluids  in 
quartz,  topaz,  beryl,  chrysolite,  and  other  minerals,  in  later  years  the  mat- 
ter has  been  more  thoroughly  studied  by  Sorby,  Zirkel,  Vogelsang,  Fischer, 
Roseubusch,  and  many  otners.     (See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities ;  in  others  the  cavities  are  filled 
sometimes  with  water,  or  with  the  salt  solution  in  which  the  crystal  wa< 
funned,  and  not  infrequently,  especially  in  the  case  of  quartz,  with  liquid 
carbonic  acid,  as  firet  proved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  These  liquid  inclosures  are  marked  as  such,  in  many  cases,  by 
the  presence  in  the  cavity  of  a  movable  bubble. 

The  solid  inclosures  are  almost  infinite  in  their  varietv.  Sometimes  they 
are  large  and  distinct,  and  can  be  referred  to  known  mineral  species,  as  the 
scales  of  hematite  to  which  the  peculiar  character  of  aventuiine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity,  for  many  minerals,  appearing 
for  example,  in  the  Pennsbury  mica;  quartz  is  also  often  mechanically 
mixed,  as  in  staurolite  and  gmelinite.  On  the  other  hand,  quartz  crystal 
very  commonly  inclose  foreign  material,  such  as  chlorite,  tourmaline,  rntile, 
hematite,  asbestos,  and  many  other  minerals. 


•  RefereDr-e  must  be  made  here  to  the  discussion  by  Scaccbi  of  the  principle  of  "  PolyC** 
inetry."  (Atti  Accad.  Napoli,  i.,  18G4.)  See  also  Hirschwald^  Zur  Kritik  dee  LencitsjaU^ 
Tuoh.  Mill.  J^fittb.,  lbT5,  227.     See  further  the  discussion  on  pp.  185  et  seq. 


IBBBQtTLABmES  ( 
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incloBUres  maj  also  consiet  of  a  heterogeneoos  mass  of  matt  rial ;  at 
auitic  matter  seen  in  orthoclase  crystals  in  a  porphyritiu  gratitto ;  or 
sidspar,   quartz,  etc.,  sometimes   inclosed   in 
coarse  crystals  of  beryl,  occarring  iu  granite  8S8 

interceting  example  of  the  iiicloGure  of  one 

tl   by  aiiotber   is   afforded   by  the  annexed 

I  of  tourmaline,  enveloping  ortlioclase  (E.  11. 

ms,  Am.  J.  Sci.,  III.,  xi.,  273,  1876).     Fig. 

0W8  the  crystal  of  tonrinaliue  ;  and  cross-sec- 

<f  it  at  the  points  indicated  (a,  b,  c)  are  given 

i59,  360,  361.     The  latter  show  that  the  feld- 

icreases  in  amount  in  the  lower  part  of  the 

,  the  tourmaline  being  merely  a  thin  siiell. 

r  specimens  from   the   same   locality  (Port 

,  Essex  Co.,  N.  Y.)  show  that  there  is  no  ne- 

'  connection  between  the  position  of  the  tour- 

1  and  that  of  the  feldspar. 

ilar  occurrences  are  those  of  trapezohedrons 

let,  where  the  latter  is  a  mere  shell,  enclosing 

,   or  sometimes  epidote.       Analogous  cases 

•een  explained  by  some  authors  as  Being  due  to  partial  paeudomorph 

le  alteration  progressing  from  the  centre  outward. 


w^ 

^ 


microscopic  crrstals  observed  as  incloeoree  may  eometimes  be 
td  to  known  species,  bat  more  generally  their  trne  natnre  is  doubtful, 
rra  microUte^,  proposed  by  Vogelsang,  is  often  used  to  designate  the 


I  inclosed  crystals ;  they  are  generally  of  needle-like  form,  eoma- 
juite  irregular,  antl  often  very  remarkable  in  their  arrangement  and 
ngs ;  BOme  of  them  are  exhibited  in  f.  367  and  f.  368,  as  explained 


Liu 
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Mow.  Tricliite  and  belonite  &re  names  introdnced  by  Zirkel ;  the  formei 
'  name  is  derived  from  0pi^,  hair,  the  forms,  like  that  in  f.  3G2,  are  commrai 
in  nbaitlian.  "Where  the  minute  individiiala  belong  to  known  epecies  they 
are  called,  for  example,  feldspar  micn)lite8,  etc. 

Oryeiailites  is  an  analogous  tcnn  which  is  intended  by  Vogelsanj;  tn  cover 
tiioee  minute  forms  wliieh  have  not  the  regular  exterior  form  of  crystals, 
bnt  may  be  coneidcrcd  as  intermediate  between  amorphous  matter  aiiiJ  tnie 
erj'Btals.  Some  of  tlie  forma,  iigiired  by  Vogelsang,  are  shown  in  f.  363  to 
86G;  they  are  often  observed  in  glassy  volcanic  rouka,  and  also  iii  fnmace 
flags.  A  aeries  of  names  Lave  been  given  to  varieties  of  crystalliteft,  such 
aa  globulites,  margaritea,  etc* 

Tlio  microscopic  inclosures  may  also  be  of  au  irregular  glassy  nature ;  i 
kind  that  exists  in  crystals  which  have  formed  from  a  melted  maae,  as  laTSA 
or  the  slag  of  iron  fnmaccs. 

Ill  general,  it  may  he  said  that  while  the  aolid  iucloenres  occur  sometimes 
quite  irrc"ulailj  in  the  crystals,  they  are  more  generally  arranged  wiUi 
some  evident  reference  to  the  ayrametry  of  the  form,  or  planes  of  tba 
crystals.     Examples  of  this  are  shown  in  the  following  figures:  f.  367  ez 


hibits  a  cryptal  of  angite,  inclosing  magnetite,  feldspar  and  nepholite 
inicrolitc)4,  ate...  and  f.  368  shows  a  crystal  of  Icucito,  a  species  wlioee 
cn-atals  very  commonly  inclose  foreign  matter.  Fig,  869  sliows  a  scctitm 
or  a  crystal  of  calcite,  containing  jiyrite. 


Another  striking  example  is  .tfForded  by  andalnsite,  in  which  the  inolosea 
iitipnrilios  are    '         '^      ' '  '  '    ' '  "      — 

shows  tlie  snc(;< 


s  are  of  considerable  extent  and  remarkably  arranged.     Fig.  870 
snccessivQ  parts  of  a  single  crystal,  as  dissected  by  B.  Horaford 


*  Die  KiTBtaUiten  Ton  Hermuin  Togelaang.     Bonn,  tSffi. 
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iif  Sf  rin&riieM,  Mass.;  371,  one  of  tie  four  white  portions;  and  378,  tba 
central  black  portion. 
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CRYSTALLINE  AGGREGATES. 

Tlie  greater  part  of  the  specimens  or  masses  of  minerals  that  occur,  may 
be  described  as  aggregations  of  imperfect  crystals.  Even  those  whose 
structure  appears  the  most  purely  impalpable,  and  the  most  destitute  in- 
ternally of  anything  like  crystallization,  are  probably  comp(>sed  of  ciystal- 
line  grains.  Under  tlie  above  head,  consequently,  are  included  all  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  individuals  composing  imperfectly  crystallized  individuals,  may  be: 

1.  Columns^  or  fibres^  in  which  case  the  structure  is  columnar. 

2.  Thin  lamincBy  producing  a  IcmeU^r  structure. 

3.  Grains^  constituting  a  granxdar  structure. 

1.  Columnar  Structure. 

A  mineral  possesses  a  columnar  structure  when  it  is  made  up  of  slondef 
oolnmns  or  fibres.  There  are  the  following  varieties  of  the  columnar  strac 
lure: 

FifyroiLS  :  when  the  columns  or  fibres  are  parallel.  Ex.  gypsum,  asbeatoa 
Fibrous  minerals  have  often  a  silky  lostre. 
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Jietiotdated :  when  the  fibres  or  columns  cross  in  various  directionti  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated  or  stellular :  when  they  radiate  from  a  centre  in  all  directiona, 
and  produce  star-like  forms.    Ex.  stilbite,  wavellite. 

Radiatedy  divergent :  when  the  crystals  radiate  from  a  centre,  without 
producing  stellar  forms.    Ex.  quartz,  stibnite. 


2.  Lamellar  Structure. 

The  structure  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  Tlie  laminae  may  be  curved  or  straight,  and  thus  give  rise  to  the 
curved  lamellar,  and  straight  lamellar  structure.  Ex.  wollastonite  (tabular 
spar),  some  varieties  of  gypsum,  talc,  etc.  When  the  laminae  are  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceous.  Mica  is  a  striking 
example,  and  the  term  micaceotis  is  often  used  to  describe  this  kind  of 
structure. 

3.  Cfranidar  Structure. 

The  particles  in  a  granular  structure  differ  much  in  size.  When  coarse, 
the  mineral  is  described  as  coarsely  graivular  ;  when  ^no^  finely  granular f 
and  if  not  distinguishable  by  the  naked  eye,  the  structure  is  termed  im- 
palpable.  Examples  of  the  first  may  be  observed  in  granular  crystalline 
limestonr,  sonietiines  called  saccharoidal ;  of  the  secona,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chahtedony,  opal,  and  other  species. 

The  above  terms  are  indefinite,  but  irom  necessity,  as  there  is  every 
degree  of  Hneness  of  structure  in  the  mineml  species,  from  perfectly  im- 
palpable, through  all  possible  shades,  to  the  coarsest  granular.  The  term 
phanero-crystalline  has  been  used  for  varieties  in  which  the  grains  are  dis- 
tinct, and  crypto-crystulline^  for  those  in  which  they  are  not  discernible. 

Granular  minerals,  when  easily  crumbled  in  the  fingers,  are  said  to  bo 
friable. 

4.  Imitative  Shapes. 

Reniform  :  kidnev  shape.    The  structure  may  be  radiating  or  concentric 

Botryoidcd :  consisting  of  a  group  of  rounded  prominences.  The  name 
is  derived  from  the  Greek:  fiorpv^y  a  bunch  of  grapes.  Ex.  limonite,  chal- 
cedony. 

Mammillary  :  resembling  the  botryoidal,  but  composed  of  larger  prom- 
inences. 

Globular  :  spherical  or  nearly  so  ;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  sur- 
face of  a  rock,  they  are  described  as  implanted  globules. 

Nodular  :  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloid al :  almond-shaped,  applied  usually  to  a  greenstone  oontain 
ing  almond-shaped  or  sub-globular  nodules. 
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OaraUoidal :  like  coral,  or  consisting  of  interlaced  flexnons  brandling 
of  a  white  color,  as  in  some  ara^nite. 

Dendritic  :  bi-anching  tree-liKe. 

Mossy  :  like  moss  in  form  or  appearance. 

FUiform  or  Capillary :  very  slender  and  long,  like  a  thread  or  hair ; 
'x>iisists  ordinarily  of  a  succession  of  minnte  crystals. 

Acicular  :  slender  and  rigid  like  a  needle. 

Reticulated:  net-like. 

Drusy  :  closely  covered  with  minnte  implanted  crystals. 

Stalactitic:  when  the  mineral  occurs  in  pendant  columns,  cylinders,  or 
elongated  cones. 

Stalactites  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually  forma 
a  long  pendant  cylinder  or  cone.  Tlie  internal  structure  may  be  imper- 
fectly crystalline  and  gi-anular,  or  may  consist  of  tibres  radiatmg  from  the 
central  column,  or  thei*e  may  be  a  broad  cross-cleavage. 

Common  stalactites  consist  of  calcium  carbonate.  Chalcedony,  gihbsite, 
brown  iron  ore,  and  many  other  species,  also  present  stalactitic  forms. 

The  tenn  aiiutrphous  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  also  does  not  jxilarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly- 
like,  from  the  Greek  for  glue.  Whether  there  is  a  total  absence  of  crystal- 
line structure  in  the  molecules  is  a  debated  point.  The  word  is  from  a 
privative^  and  fwf^j  shape. 
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Every  true  mineral  species  has,  when  crystallized,  a  fonn  peculiar  to 
itself ;  occasionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  diflFer  from  it 
entirely  in  chemical  compr^sition.  Moreover  it  is  often  seen  that,  though 
in  outward  form  complete  crj'stals,  in  internal  structure  they  are  granular, 
t»r  waxy,  and  have  no  regular  cleavage. 

Such  crystals  are  called  pftcndomorplis^  and  their  existence  is  explained 
by  the  assumption,  often  admitting  of  direct  proof,  that  the  original  min- 
eral lias  been  changed  into  the  new  cc>mpound,  or  ha^  disappeared  through 
some  agency,  and  its  place  been  taken  by  another  chemical  compound  tc 
which  the  f<»rm  does  not  belong. 

Pseud' »morphs  have  been  clasj?ed  under  several  heads. 

1.  Pseudomorphs  oy  suh-^titution, 

2.  Pseudomorphs  by  simple  deposition^  (a)  iwyr notation  or  (b)  infiUm^ 
Hon, 

3.  Pseudomorphs  by  alteration  ;  and  these  may  l>c  altered 

{aj  without  a  change  of  coinpr»<ition,  by  paramorphism  ; 
(b)  by  tlie  loss  of  an  ingi-edicnt ; 
(ei  by  the  assumption  r^f  a  foreign  sul>stance ; 
bv  a  partial  excliange  r»f  ci»nstituents 
8 


id) 
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1.  The  firet  class  of  pseiidomorphs,  by  substitution^  embrace  those  21 
^'herc  there  has  been  a  gradual  removal  of  the  original  material  and  a 
corresponding  and  simultaneous  replacement  of  it  by  another,  withont, 
however,  any  chemical  reaction  between  the  two.  A  common  example  of 
this  is  a  piece  of  fossilized  wood,  where  the  original  fibre  has  been  replaced 
entirely  by  silica.  The  first  step  in  tlie  process  was  the  filling  of  all  the 
poros  and  cavities  by  the  silica  in  solution,  and  then  as  the  woody  fibre  by 
gradual  decomposition  disappeai-ed,  the  silica  further  took  its  place.  Other 
examples  are  quartz  after  fluorite,  calcite,  and  many  other  species,  cassiteritc 
after  orthoclase,  etc. 

2.  Pseudomorphs  by  incrustation,  form  a  less  important  class.  Such 
lire  the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneously  with  the  deposit  of  the 
second,  so  that  the  resulting  pseudomorph  is  properly  one  of  substitution. 
In  pseudomorphs  by  inJUtration,  a  cavity  macfe  by  the  removal  of  a  crystal 
has  been  filled  by  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration^  include  a  consideitible 
proportion  of  the  observed  cases,  of  which  the  number  is  very  lar^.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
kernel  of  the  original  mineral  in  the  centre  of  the  altered  crystal ;  e.g.,  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite ;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine ;  of  cornndnm  in 
fibrolite,  or  spinel  (Genth). 

{a)  An  example  of  paramorphism  is  f  uraished  by  tlie  change  of  aragonite 
to  calcite  at  a  certain  temperature ;  also  the  paramorj>hs  of  mtile  after 
arkansite  from  Magnet  Cove. 

(b)  An  example  of  the  pseudomoi^phs  in  which  altemtion  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  limonite  in  the  form  of 
siderite,  the  carbonic  acid  having  been  removed ;  so  also  calcite  after 
gaj'-lussite  ;  native  copper  after  cuprite. 

{c)  In  the  change  of  cuprite  to  malachite,  e.g.,  the  familiar  crystals  from 
Chessy,  France,  an  instance  is  afforded  of  the  assumption  of  an  ingi*edient, 
viz.,  carbonic  acid.  Pseudomorphs  of  gypsum  after  anhydrite  occnr,  where 
there  has  been  an  assumption  ot  water. 

{([)  A  partial  exchange  of  constituents,  in  other  words,  a  loss  of  one  and 
gain  of  another,  takes  place  in  the  change  c»f  feldspar  to  kaolin,  in  which 
the  potash  silicate  disappeai's  and  water  is  taken  up ;  pseudomorphs  of 
chlorite  after  gamet,  pyromorphite  after  galenite,  are  other  examples. 

The  chemical  piocesses  involved  in  such  changes  open  a  wide  field  foi 
investigation,  in  which  Bischof,  Delesse  and  others  have  done  much. 


SECTION  I.— SUPPLEMEXTAUV   CHAPTER. 

IJIPROVEMESrS     IX     THE     INSTRIMEXTS     Klllt    THE     lltASlKEMKXT    OK    111; 
AXKLE3  OP  <KVSTAI.S    (sw  (ip.  83-ST). 

Jtefiftiiiiff  Ooniiiiiieler. — A  form  of  reflectiiij;  gitiiionu'UT,  wW  udsiptcd  for 
HCCiiraic  inea^^iiremenls,  and  at  tlic  same  timt;  tiioioiiglilv  pi-.ictioiil.  is  shown 
ill  f.  'AVi.\.  It  is  miule  oil  tlie  Babinct  tyjic,  witli  »  liorizoiital  ^riidiiated 
cii-ole;  rlic  iiistriimeiits  of  tlie  Mitscherlich  typo,  ulliiikil  to  mi  \t.  8*.',  Iiuviiifr 
n  vt-rtical  circle.  The  horizontal  circle  has  niLiiiy  inJv;iiit;ijji'S,  I'specially 
when  it  is  desired  to  measure  the  angles  of  large  crystais  ui-  tliaso  which  arc 


attached  to  a  hirge  piece  of  rock, 
figured  is  made  by  R,  Puoss,*  in 


:>  particnhir  form  of  instrimient  lierc 

III)   (Alte  Jacobs  trapse  108),  and  has 
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many  improvements  siiggcstetl  by  Websky  (Zeitschr.  Kryst..  iv.,  645,  1880. 
See  also  Liebisch,  Bericbt  (ibor  (.lie  wis.siMisclmftlichen  Instrumente  anf  dci 
Berliner  Gewcrbeausstelliing  im  Juljre  18T9,  \)\),  a3u-;J32). 

The  instrument  stands  on  a  tri])od  with  leveling  screws.  Tlie  cciiti*al 
axis,  0,  has  within  it  a  hollow  axis,  A,  with  which  turns  the  plate,  d,  carry- 
ing the  verniers  and  also  the  observing  telescope,  the  upright  support  of 
which  is  shown  at  />.  Within  b  i8  a  second  hollow  axis,  e,  which  carries 
the  graduated  circle, /,  above,  and  which  is  turned  by  the  screw-head,  /y ; 
the  tangent  screw,  a,  serves  as  a  fincadjustment  for  the  observing  telescope, 
B,  the  screw,  c,  being  for  this  purpose  raised  so  as  to  bind  b  and  e  together. 
The  tangent  screw,,  p,  is  a  fine  adjustment  for  the  graduated  circle.  Again, 
within  e  is  the  third  axis,  h.  turned  by  the  screw-head.  t.  and  within  //  is  the 
central  rod,  ,s  which  carries  the  support  for  the  crystal,  with  the  adjusting 
and  centering  contrivances  mentioned  below.  The  rod,  s,  can  be  raised  or 
lowered  bv  the  screw,  h,  so  as  to  bring  the  crystal  to  the  proper  height,  that  is 
up  to  the  axis  of  the  telescope  ;  when  this  has  been  accomplished,  the  clamp 
at;?,  turned  by  a  set-key,  binds  s  to  the  axis,  h.  The  movement  of  h  can 
take  place  independently  of  y,  but  after  the  crystal  is  ready  for  measurement 
these  two  axes  are  bound  together  by  the  set-screw,  I,  The  signal  telescope 
is  supported  at  C,  firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crjs- 
tal  is  mounted  on  the  plate,  n,  with  wax,  the  ])late  is  clamped  by  the  screw, 
V.  The  centering  apparatus  consists  of  two  slides  at  right  angles  to  each 
other  (one  of  these  is  shown  in  the  figure)  and  the  screw,  a,  which  works  it ; 
the  end  of  the  other  corresponding  screw  is  seen  at  a\  The  adjusting 
arrangement  consists  of  two  cylindrical  sections,  one  of  them,  r,  show-n  in 
the  figure,  the  other  is  at  r' ;  the  cylinders  have  a  common  centre. 

The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier  gives 
the  readings  to  30",  but  by  estimate  they  can  be  obtained  to  10".  The  signals 
provided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted  behind  the 
collimator  lens  ;  these  are  :  (1)  the  ordinary  telescope  with  the  hair  cross,  to 
be  used  in  the  case  of  the  most  perfect  planes  ;  (2)  tl>e  commonly  used  signal,* 
proposed  by  Websky,  consisting  of  two  small  opaque  circles,  whose  distance 
apart  can  be  adjusted  by  a  screw  between  them  :  the  light  passing  between 
these  circles  enters  the  tube  in  a  form  resembling  a  double  concave  lens; 
also  (3)  an  adjustable  slit ;  and,  finally,  (4)  a  tube  with  a  single  round  open- 
ing, very  small.  There  are  four  observing  telescopes  of  different  angular 
breadth  of  field  and  magnifying  power,  and  hence  suitable  for  planes  varying 
in  size  and  in  degree  of  polish.     A  Nicol  prism  is  also  added. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjust- 
ments required  by  every  instrument  before  it  can  be  used,  and  in  the  actual 
measurement  of  the  angles  of  crystals,  have  been  described  by  Webskv  (1.  c) 
with  a  fullness  and  clearness  which  leaves  nothing  to  be  desired,  and  refer- 
ence must  be  here  made  to  this  memoir. 

Microscope' Goniometer  of  I/irschwakL — For  the  measurement  of  the  angles 
of  crystals  whose  planes  are  destitute  of  polish,  IIiRScnwALD  has  devised  a 
"microscope-goniometer"  (Jahrb.  Min.,  1879,  301,  539;  1880,  i.,  156.— 
See  also  Liebisch,  1.  c,  pp.  336,  3?7)  ;  the  actual  construction  has  been  made 
by  Fuess.  The  instrument  consists  of  a  Wollaston  goniometer  with  a  center- 
ing telescope  and  a  vertical  microscope.  The  princi]>le  upon  which  the  use 
of  the  instrument  is  based  is  this  :  that  a  plane  seen  through  a  microscope 
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will  be  in  focna  over  its  entire  extont  only  when  tlie  pl;ii;e  is  exactly  at  right 
SDgtes  to  the  axis  of  the  microscope.  The  microscoro  etanda  ver(  i cully  above 
the  crystal,  and  is  supported  on  a  double  slide,  which  allows  of  its  being 
moved  parallel  and  perpendiculiir  to  'he  axis  of  the  goniometer,  eo  that  it  is 
possible  to  see  snccessively  every  portion  of  a  crystal  face  fastened  to  the 
goniometer,  and  at  the  proper  foc:il  distance.  The  slide  perpendicular  to  tlio 
axis  of  the  goniometer  carrEPs  a  vernier,  so  that  the  position  of  the  microscopo 
can  be  measured  on  the  fixed  scale  to  a  half  millimeter.  The  micrometer 
screw  of  the  microscope  is  arranged  so  that  the  raising  or  lowering  of  the 
microscope  can  be  measured  to  0-004  mm.  The  spider  Tine  in  the  eye-piece, 
parallel  to  the  axis  of  rot;ition  of  the  goniometer,  is  so  adjusted  that  when  tho 
glide  just  mentioned  stunda  at  the  zero  of  its  scale,  it  lies  exactly  in  the 
Tertical  plane  through  the  axis.  The  horizontal  centering  telescope  is  placed 
opposite  tho  cnrsUil  support,  and  moves  0:1  a  slide  parallel  to  tho  axis  of  the 
^aduatcd  circle.  Its  spider  lines  are  so  adjusted  that  their  centie  exactly 
coincides  with  this  axis.  Tho  apparatus  for  centering  and  adjusting  the 
crystal  consists  of »  vertical  disk  allowing  of  motion  in  any  direction  perpen- 
dicular to  the  axis  of  rotation,  and  a  spherical  segment  moved  by  four  anna 
(Petzval  support).  In  use  tho  edge  of  the  two  planes  to  Ite  measured  is 
brought  !iv  means  of  tho  spider  line  of  the  niieroscopo  panUlel  Co  the  axis  cf 
rotation  of  the  goniometer,  and  there  centered,  hy  moans  of  the  telescope,  so 
that  as  the  crystal  is  turned  this  edge  remains  in  the  centre  of  the  spider  lino 
of  the  centering  telescope ;  then  tho  two  planes  which  form  this  edge  are,  by 
successive  adjustments  by  help  of  the  microscope,  brought  each  successively 
into  an  exactly  horizontal  position  as  the  circle  is  revolved.  The  angle 
(normal  angle)  between  the  two  planes  is  obtained  in  the  usual  manner. 
Hirschwald  calculates  thdt,  with  a  sufficiently  delicato  arrangement  of  lenses, 
for  planes  whose  width  is  5  mm.,  the  theoretical  error  of  measurement  is  2' 40"; 
for  those  with  a  width  of  10  mm.,  the  error  is  only  1'.  Tho  improved  sup- 
port for  the  crystal  is  so  arranged  that  when  the  edge  is  exactly  adjusted  and 
one  of  the  two  planes  carefully  placed  with  the  microscope,  the  second  plane 
must   be  for  its  whole  " 

extent    in   the    proper  '''^"■ 

position  a.5  soon  as  tnis 
13  true  for  a  single 
point  of  the  plane. 

Contact -lever  Goni- 
ometer of  Fueaa. —  An- 
other form  of  goniom- 
eter has  been  invented 
bv  FuESS  (see  Liebisch, 
1."  c.,  pp.  3:(7-339) 
which  aims  to  accom- 
plish the  same  end  as 
that  of  Hirschwald  — 
tiie  exact  measurement 
of  the  angle  between 
two  cnpolished  .■surfaces 
— but  in  this  case  the 
adjustment  is  accom- 
plished by  mechanical 
means.     The  essential 


igement  is  show 


I  f.  373b,  37*Jc.     It  consists 


of  a  Wollaston  goniometer,  0,  supported  npcn  a  perfectly  even  unpolished 
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gltiiBs  plalc,  .  I .  Tlio  con tiict-1  ever  i^  carried  by  B.  which  rests  on  the  glass 
plutc  liy  two  i)egs,  o,  jiiiil  by  Ihe  screw,  h,  with  a  graduated  head  turn- 
ing ill  connection  witli  the  index,  y.  Two  arDis>  F F.  go  down  from 
B,  carrying  the  nut  in  whicli  tlic  screw,  r,  turns;  this  screw  moves  B 
in  :i  direction  jit  liyht  angles  to  uic  axis  of  the  goniometer.  The  arm, 
I>,  cuncuina  tlio  nut  for  the  adjusting  screw,  w  (similar  to  »),  which 
liolon^  ininicdiatejy  to  tlic  lever  system.  On  the  arm  C  is  nttuclied  the 
the  c<lge,  <;  fastened  to  Lhu  ai-rn,  i ;  this  arm,  /, 
turnsubout «,  and  is  auppoited  by  tlie 


knife  cilgc,  7,  which 


Theudjnstuble  ball,  b,  t 
{>ortcd  on  I,  h  to  be  placed  so  that  the 
ivory  index  resta  with  the  least  pos- 
sible preesure  on  the  crystid-facc  at 
A'  (see  also  f.  372c).  The  contact- 
lever,  E,  whoso  longer  arm  maiks  on 
the  aculo,  S,  lies  l)otwcen  /  nnd  >- :  its 
head,  (/,  is  BO  to  be  adjusted  that  the 
lever  resting  on  the  lower  e<lge,  c,  has 
a  slight  excels  of  weight  on  the  side  of  the  goniometer,  so  that  it  touclies  Iwth 
edges.  A  jwreeptihle  play  of  the  long  arm  corresponds  to  a  raising  or  lower- 
ing of  the  ivory  index  of  U-OOUo  nini.  If  tlie  plane  has  a  width  of  1  mm.,  the 
degi'co  of  accuracy  attainable  is  theoretically  i. 

in  the  preliuiinarv  centering  and  adjusting  the  work  ii 


i  facilitated  tiy  the 
372D. 


arrangement  shown  in  f.  372d.     It  consists  of  a  pliite,  p, 

which  rests  on  .1  by  the  three  sct-aerows,  .<.     Two  arms, 

with  set-.screws,  /.  resting  on   tha  side  of  tlio  supporting 

plate,  make  po^-sible,  similar  tu  r,  a,  movement  iiarallel  to 

this  side.     An  index  finger,  /,  is  siippoited  above  the  plate, 

p.    The  scr.'ws,  .t  and  /,  are  now  set  so  that  the  sharp  edge 

of  I  is  osu<;tly  in  the  prolongation  of  the  axis  of  rotation 

of  the  goniometer,  which   is  netcssanly  )>arallel  to  the 

up|»cr  and  side  snrfuct-s  of  Ibe  Kup(>orting  plate.     By  the 

helj)  of  this  arrangement,  the  approximate  centering  and  adjusting  nf  the 

crystal-edge  can  be  readily  accomplished,  and  also  the  parallelism  between 

the  crystal-face  and  the  suppor.ing  plate  he  proved. 

Men^nrciiiiiil  nf  the  AHiflfn  nf  micniecopic  Cn/sMs. — Bertrand  (C.  R., 
Ixxxv.,  1175.  lli?"  ;  Hull.  Soc.  Min..  i..  va,  Oii,  1878)  has  described  a 
method  f<ir  ol>tainiiig  the  int/jrfacial  angles  of  microscopic  crystals,  which  mav 
be  brietiy  alluded  to  hero.  It  is  based  on  the  geometncul  principle  that  if  the 
plane  a:igles  arc  known  wbicli  the  projeclious  of  a  phinc  make  with  three 
periicndienhir  co-ordimite  axes,  the  angular  inclination  of  the  plane  to  the 
three  axes  can  be  calculated.  The  crystal  to  be  measured  is  fastened  on  a 
small  <-nl>e  of  glass  held  in  a  pinccr  arrangement,  on  a  secondary  microscope 
stage ;  this  stage  if,  like  the  ))riueipal  stage  below  it,  movable  about  a  ver- 
tical axis,  and  lte^'ides  has  liy  means  of  scri'ws  a  motion  in  two  perpend ieiilar 
directions  in  a  horizontal  plane.  The  method  of  obtaining  the  desired  angles 
is  very  ingenious,  but  too  complex  to  allow  of  explanation  here:  refenjnec 
must  Ik*  made  to  the  original  paper.  With  crystals  of  from  1-VO  to  1-30  mm., 
Bertram!  obtained  results  accurate  within  0',  and  he  states  that  the  method 
can  be  extended  to  crystals  which  have  a  magnitude  of  only  l-IOO  mm. 


SECTION  IL 
PHYSICAL    OHARAOT:eRS    OF   MINERALS. 

TiiE  physical  characters  of  minerals  arc  those  which  relate :  L,  tc 
Cohesion  and  Elasticity,  that  is :  cleavage  and  fracture^  hardness^  and  ten- 
acvty ;  IL,  to  the  Mass  and  Volume,  the  specific  gravity  ;  XXL,  to  Light, 
the  optical  propet^ties  of  crystals  ;  also  color ^  bcstre^  etc. ;  IV.,  to  Heat ; 
v.,  to  Electricity  and  Magnetism ;  VI.,  to  the  action  on  the  Senses,  ae 
taste,  Jielj  etc. 


I.  COHESION  AND  ELASTICITY.* 


the  molecules 
a  force  tend- 


By  cohesion  is  understood  the  attraction  existiui^  between  tl 
of  a  bod}*,  in  consequence  of  wliicli  they  offer  resistance  to  t 
iiig  to  separate  them,  Jis  in  breaking  or  scratchiufir.  This  principle  leads  to 
some  of  the  most  uiiiveriially  important  physical  characters  of  minerals, — 
cleatkige, fracture,  and  /i(tr<hie«s. 

Elasticity^  on  the  other  hand,  is  the  force  which  tends  to  bring  the 
molecules  of  a  body  back  into  tlieir  original  poi^ition,  from  which  they  have 
been  disturbed.  Upon  elasticity  depends,  for  the  most  part,  the  degree 
of  tenacity  possessed  by  different  minerals. 

A.  Cleavage  and  Fracture. 

1.  Oleavags.  —  Most  crystallized  minerals  have  certain  directions  in 
wiiich  their  cohesive  power  is  weakest,  and  in  which  they  consequentl}' 
yield  most  readily  to  an  exterior  force.  This  tendency  to  break  in  the 
direction  of  certain  planes  is  called  cleavage^  and  being  most  intimately 
<x>nnected  with  the  crystalline  form  it  has  already  been  necessary  to  define 
it,  and  to  mention  some  of  its  most  important  features  (p.  2).  Cleavage 
diffei'S  (a)  according  to  the  ease  with  which  it  is  obtained,  and  (J)  accord- 
ing to  its  dii-ection,  crystallographically  determined. 

(a)  Cleavage  is  cslled  peiject  or  etiiitumt  when  it  is  obtained  with  great 
ease,  affording  smooth,  lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior 
d^rees  of  cleavage  are  spoken  of  as  distinct^  imlistitict  or  imperfect^  inter- 
ruptedj  in  traces^  dijficalt.  These  terms  are  sufficiently  intelliijible  without 
further  explanation.  It  may  be  noticed  that  the  cleavage  ot  a  species  is 
sometimes  better  develo]»ed  in  some  ot  its  varieties  than  inotliei"s. 

(6)  Cleavage  is  also  named  according  to  the  direction,  ciystallogi-apliically 
detined,  which  it  takes  in  a  species.  When  parallel  to  the  basal  section  {O) 
it  is  called  basal^  as  in  topaz;  parallel  to  the  prism,  as  in  amphibole,  it  ia 
called  prismatic ;  also  viacrodiagonaly  ortlwdiagonal^  etc.,  wlien  parallel 
to  the  several  diametral  sections ;  parallel  to  the  faces  of  the  cube,  octa- 

'  «  See  further  on  d.  173. 
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hedron.  dodecahedron,  oi  rhombohedron,  It  is  called  cuhic^  as  galenitei 
octahedral^  as  fiiiorite ;  dodecahedralj  as  sphalerite ;  rhomhohedrdi,  aa 
calcite. 

Intimately  connected  with  the  deavage  of  czystallized  minerals  are  the  divisional  planes  in- 
▼estigated  by  Reuach  (see  Literature,  p.  123).  He  has  foond  that  by  pressure,  or  by  a  sadden 
blow,  diyiaional  planes  are  in  many  cases  produced  which  are  analogous  to  the  deayagv 
planes.  The  first  he  calls  Gleitflachen^  or  planes  in  which  a  sliding  of  the  molecules  upon 
each  other  takes  place.  Thus,  for  example,  if  two  opposite  iodeoihcdral  edges  of  a  oabio 
cleavage  mass  of  rock-salt  are  regularly  filed  away,  and  the  mass  then  subjected  to  prassure 
in  this  direction,  a  OleUfldc/ie  is  obtained  parallel  to  the  dodecahedral  face. 

The  figures,  on  the  other  hand,  obtained  by  a  blow  on  a  rounded  steel  point,  placed  perpen- 
dicular to  the  natural  or  cleavage  face  of  a  crystal,  are  called  by  him  fracture-flguTM  (ScUag^ 
a^uren).  The  divisional-planes  in  this  case  appear  as  cracks  diverging  from  the  point  wheie 
the  blow  has  been  made.  For  instance,  on  a  cubio  face  of  rock-salt  two  planes,  forming  a 
rectangular  cross,  are  obtained :  on  biaxial  mica,  a  six-rayed  (sometimes  ihree-xayed)  staz 
results  from  the  blow,  one  ray  of  which  is  always  parallel  to  the  brachydiagoual  axis  of  Uie 
prism. 

2.  Fracture, — The  term  fracture  is  used  to  define  tlie  form  or  kiod  of 
surface  obtained  by  breaking  in  a  direction  other  than  that  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  massive  minerals.  When 
the  cleavage  is  highly  perfect  in  several  directions,  as  tlie  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as  : 

(fC)  Concholdal ;  when  a  mineral  breaks  with  curved  concavitiee,  more 
or  less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  shell ^  fiint. 

(J)  Even  /  when  the  surface  of  fracture,  though  rough,  with  nameroufl 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c)   Uneven  ;  when  the  surface  is  rougii  and  entirely  irregular. 

\a)  Hacfdey  ;  when  the  elevations  are  shai-p  or  jagged  ;  broken  iroiu 

Other  terms  also  employed  are  earthy^  splintery^  etc. 


B.  Hahdness. 

By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  offers 
to  abrasion.  The  degree  of  liardness  is  determined  by  observing  the  case 
or  difficulty  with  which  one  mineral  is  scratched  by  another,  or  by  a  tile  or 
knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  g^i\Q  preciaion 
to  the  use  of  this  character,  a  scale  of  luirdness  was  inti*odnced  bj  Mons. 
It  is  as  follows: 

1.  Tal'C  /  common  laminated  light-green  variety. 

2.  Oypsiun  /  a  crystallized  variety. 

3.  C(ucite  f  transparent  variety. 

4.  Fluorite ;  crystalline  variety. 
6.  Apatite ;  transparent  variety. 
(5.5.  Scapolite ;  crystal  line  variety.) 

6.  Feldspar  (orthoclasc) ;  white  cleavable  variety. 

7.  Quartz;  transparent. 
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8.  Topaz  f  transpareht 

9.  Sapphire  :  cleavable  varieties. 
10.  Diamona. 

If  the  luiDeml  under  trial  is  scratched  by  the  file  or  knife  as  easily  as 
a))atite,  its  hardness  is  called  5  ;  if  a  little  more  easily  than  apatite  and 
not  so  readily  as  flaorite,  its  hardness  is  called  4.5,  etc.  For  minerals  as 
liard  or  harder  than  quai-tz,  the  file  will  not  answer,  and  the  relative  haril 
ness  is  determined  by  finding  by  experiment  whether  the  given  minoral  will 
scratch,  or  can  be  scratched  by,  the  successive  minerals  in  the  scale. 

It  need  hardly  be  added  that  great  accuracy  is  not  attainal)le  by  the  above 
methods,  though,  indeed,  for  all  mineralogical  purposes  exactness  is  quite 
unnecessary. 

The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being 

a  little  greater  than  between  the  other  numbei-s,  Breithaupt  proposed  a. 

scale  of  twelve  minerals  ;  but  the  scale  of  Mohs  is  now  universally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 

Fraitkenheim^  Franz^  Grailich  and  PeJcarek^  and  others  (see  Literature, 

p.  122),  with  an  instrument  called  a  aderometer.     The  mineral  is  placed  on 

a  movable  carriage  with  the  surface  to  be  experimented  uj>on  horizontal ; 

this  is  brought  in  contact  with  a  steel  point  (or  diamond-point),  fixed  on  a 

support  above;  the  weight  is  then  determined  which  is  just  snflicient  to 

\     move  the  carriage  and  produce  a  scratch  on  the  surface  of  the  mineral. 

■^      By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 

^  given  crystal  has  been  determined  in  a  variety  of  cases.     It  has  been  found 

^^  that  different  planes  of  a  crystal  differ  in  hardness,  and  the  &;ime  plane  dif- 

3^  fers  as  it  is  scratched  in  different  directions.     In  general,  the  liaraest  plane 

^^  is  that  which  is  intersected  by  the  plane  of  most  complete  cleavage.    And 

of  a  single  plane,  which  is  intersected  by  cleavage  planes,  the  direction 

perpendicular  to  the  cleavage  direction  is  the  softer,  those  parallel  to  it  the 

harder. 

ThiB  subject  has  been  recently  inyestigated  by  Exner  (p.  122),  who  has  given  the  form  of 
the  0urv^«  of  hardnesi  for  the  different  planes  of  many  crystals  These  curves  are  obtained  aa 
follows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  10^  or  15",  from  0"  to  180",  is  determined  with  the  sclerometer ;  these  directions 
are  laid  off  as  radii  £rom  a  centre,  and  the  length  of  each  is  made  proportional  to  the  weight 
« fixed  by  experiment,  that  is,  to  the  hardness  thus  determined ;  the  line  connecting  the 
•xtremities  of  these  radii  is  the  curve  of  hardness  for  the  given  plane. 


0.  Tenacity. 

Solid  minerals  may  be  either  brittle,  sectile,  malleable,  flexible,  or  elastic 

{a)  Brittle /  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it;  calcite. 

(J)  Sectile /  when  pieces  may  be  cut  oflF  with  a  knife  without  falling  to 
jH>wder,  but  still  the  mhieral  pulverizes  under  a  haLuner.  This  character 
i»  intermediate  between  brittle  and  malleable ;  gypsum. 

(c)  Malleable;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

(jt)  Flexible ;  when  the  mineral  will  bend,  and  remain  bent  after  the 
Wnding  force  is  removed ;  talc 
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{e)  Elastic  ;  when  after  being  bent,  it  will  spring  back  to  its  origioal 
position  ;  mica. 

Tlie  elasticity  of  crystallized  minerals  is  a  subject  of  theoretical  rather 
tiian  practical  importance.  The  subject  has  been  acoustically  investimted 
by  Savart  with  very  interesting  results.  Reference  may  also  be  made  tc 
tlic  investigations  of  Neumann,  and  later  those  of  Voigt  and  Groth.  The 
most  important  principle  established  by  tliese  researches  is,  as  stated  by 
Groth,  tliat  in  crystals  tlie  elasticity  (coefficient  of  elasticity)  differs  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystallo- 
graphicall y  identical ;  hence  he  gives  as  the  definition  of  a  crystal,  a  solid 
m  which  the  elasticity  is  a  function  of  the  direction. 

Intimately  connected  with  the  general  subjects  here  considered,  of  oohesion  in  relation 
to  minerals,  arc  the  figures  produced  by  etching  on  crystalline  faces  (Aetzfignzen,  QemL\ 
investigated  by  Ley  dolt,  and  later  by  Baumhauer,  Exner,  and  others.  This  method  of  inTesli- 
gation  is  of  high  importance  as  revealing  the  molecular  structure  of  the  crystal;  reference, 
however,  must  be  made  to  the  original  memoirs,  whose  titles  are  given  below,  for  the  fuU 
discussion  of  the  subject. 

The  etching  is  performed  mostly  by  solvents,  as  water  in  some  cases/ more  generally  the 
ordinary  miuer:il  acids,  or  caustic  alkalies,  also  by  steam  and  hydrofluoric  acid;  the  latter  la 
especiaUy  powerful  in  its  action.  The  figures  produced  are  in  the  majority  of  cases  aogulaz 
depressions,  such  as  low  triangular,  or  quadrilateral  pyramids,  whose  outlines  run  parallel  to 
some  of  the  cryHtalline  edges.  In  some  cases  the  planes  produced  can  be  referred  to  oooor- 
ring  cryEtailographic  planes.  They  api)ear  alike  on  similar  planes  of  crystals,  and  henoe 
serve  to  distinguish  different  forms,  perhaps  in  appearance  identical,  as  the  two  sets  of  planes 
in  the  ordinaiy  double  pyramid  of  quartz ;  so,  too,  they  reveal  the  compound  twinning  atmo* 
tnre  common  on  some  crystals,  as  quartz  (p.  89)  and  aragonite. 

Analogous  to  the  etching-figures  are  the  figures  produced  on  the  faces  of  lomo  oryitalB  bj 
the  loss  of  water  (Yerwittertmgsfiguren,  Oerm,)  This  subject  has  been  investigated  hj  P^t 
(•eo  below). 
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IL  SPECIFIC  GRAVITY.* 

The  specific  gravity  of  a  miueral  is  its  weight  corapai*ed  with  that  of  an- 
other subfltance  of  equal  volume,  \vliose  gravity  is  taken  at  unity.  In  the 
case  of  solids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
cubic  inch  of  anv  mineral  wcii^hs  twice  as  much  as  a  cubic  inch  of  water 
(water  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  its 
specific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  water  with  an 
equal  volume  of  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  in  hydrostatics,  viz.,  that  the  weight  lost 
by  a  solid  immei-sed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  that  is  of  the  volume  of  water  it  displaces, — the  determination  of  the 
specific  gi-avity  becomes  a  very  simple  process. 

The  weight  of  the  solid  out  of  water  {w)  is  determined  by  weighing  in 
tlio  usual  manner ;  then  the  weight  in  water  is  found  (^'),  when  the  loss  by 
immersion  or  the  difference  of  the  two  weights  {w  —  w')  is  the  weight  of  a 
volume  of  water  equal  to  that  of  the  solid  ;  finally  the  quotient  of  the  first 
weight  {w)  by  that  of  the  equal  volume  of  water  as  determined  {y)  —  w*) 
is  the  specific  gmvity  ((?). 

Hence,  G  = 


w  —  w'* 


For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.634 

.grains.      Its  weight  in  water  =  2.817  grains,  and  therefore  the  loss  oi 

\xight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.     Consequentlj 

4  634 
tlie  specific  gravity  is  equal  to    '       ,  or  2.641. 

The  ordinary  method  for  obtaining  the  specific  gmvity  of  finn,  solid 
minerals  is  fii-st  to  weigh  the  specimen  accurately  on  a  good  chemical  bal- 
ance, then  susi>end  it  from  one  i)an  of  the  balance  by  a  horse-hair,  silk 
tliread,  or  better  still  by  a  fine  platinum  wire,  in  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
specimen,  or  where  the  latter  is  small  ^t  n»ay  be  made  at  one  end  into  a 
little  spiral  support.  While  thus  suspended,  the  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  l>e  distilled,  to  free  it  from 
all  foreign  substances.  Since  the  density  of  water  varies  with  its  tempera- 
tare,  a  particular  temperature  has  to  be  selected  for  these  experiments,  io 

*  See  further  on  ^  "'^ 
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ni'dor  to  obtain  nniform  resnlta:  00°  F.  k  tbe  most  convenient,  and  hu 
been  generally  adopted.  But  tbe  tempcratui-e  of  the  inaxinitiia  density  of 
water,  39.2°  F.  (4°  C.),  liae  been  reconiineuded  as  preferable.  For  miDendi 
sobible  in  water  eonie  oilier  liqnid.  as  alcohol,  benzene,  etit.,  inuet  be  ein- 
j)l«ved  whose  siiecifit;  jjravlty  (ff)  is  accurately  known;  from  tbe  <:inn- 
purisoii  with  it,  tlio  B[>ociiic  gravity  ((?)  of  tbe  mineral  as  refoned  to  water 
u  det«rmuied,  as  by  the  formula: 


A  vei7  oonvonient  form  of  balance  ii  tbe  Hpiral  bolanoe  of  Jolly,  when  the  wdght  !■  m**' 
taxed  bj'  the  torsion  of  a  Hpiriil  brass  wii'e.  The  readinga,  which  ^ve  the  velgfat  of  iJia  mia- 
eral  ia  and  out  of  wnter.  aie  obtained  b;  obBerriiig  the  ooincidenoe  of  the  index  with  iti 
Image  reflected  in  tbe  mirror  on  which  the  g^radiution  is  made. 

A  form  of  balance  in  which  weigbta  \re  also  diepeTiBed  with,  the  specific  graviw  b«iiiE  read 
off  ftom  a  Ecale  without  calonlation,  has  recently  been  described  b;  PacUh  (Am.  J.  Roi.,  Ill-, 
z.,  3S3).     Where  great  acuuracy  is  not  required,  it  can  be  very  oonvenienUy  oaed. 

]f  the  mineral  is  not  solid,  bnt  pulverulent  or  porous,  it  is  best  to  reduce 

it  to  a  ]xiwder  ard  weigh  it  in  a  little  glass  bottle  (f,  373) 

*TO  called  a  pygnonieter.     This  bottle  has  a  stopper  which 

n  fits  tightly  and  ends  in  a  tnbe  with  a  vei-y  fine  opening. 

I  The  bottle  is  filled  with  distille<l  watei-,  the  stopper  in- 

II  serted,  and  tbe  ovei'flowing  water  carefully  removed  with 

^^  a  soft  cloth.     It  is  now  weighed,  and  also  the  mineral 

WfM  \yhose  density  is  to  bo  dctei'mined.     The  stopper  is  tlien 

^^al^^,  removed  and  the  mineral  in  powder  or  in  small  fragmenta 

^0^^^^^^        inserted,  with  care,  so  as  not  to  iiititidnce  air-bvibblee. 

^V^H^^n       The  water  which  overfiows  on  leplacing  the  etoppei-  is 

^■^^^^H       the  amount  of  water  displaced   by  tbe  ndnei-al.      Tbe 

^^^H^^^^    weight  of  the  mgnonieCer  with  tbe  enclosed  mineral  is 

^VH^^^^    detei mined,  ana  the  weight  of  the  water  lost  is  obviously 

tho  dtfFcience  between  tills  last  weight  and  tliat  of  tlio 

Imttle  and  mineral  together,  as  firet  determined.     The  specific  gravity  of 

the  minond  is  e^piHl  to  its  weight  alone  divided  by  the  weight  of  tho  equal 

\'oluine  of  w:iter  thus  determined. 

Whei-e  this  method  is  followed  with  sutticient  care,  especially  avoiding 
any  change  of  temperature  in  the  water,  the  results  are  qaite  accui-ate. 
Otlier  methods  of  determining  the  speeific  grnvily  will  be  found  described 
in  the  litei-atm-o  notices  which  foUow. 

It  bits  been  shown  by  Rose  that  chemical  precipitates  have  unifonnlv  a 
higher  density  than  lielon^s  to  the  same  substance  in  a  less  finely  divined 
state.  This  inci'case  of  aonsity  also  charatterizes.  though  to  a  lees  extent, 
a  mineral  in  a  fine  state  of  mechanical  euhdivisioti.  This  is  explained 
by  the  eundcnstition  of  the  water  on  the  surface  of  tbe  powder. 

It  may  alno  be  mentioned  that  the  density  of  many  sniistances  ia  altered 
by  fusion.  The  same  mineral  in  difEereiit  states  of  molecular  aggregation 
may  differ  somewhat  in  density.  Furtliermore,  minerals  having  tbe  samfl 
chemical  eomjiosition  have  sometimes  different  densities  torrespoudingnibe 
diffei-ent  crystalline  forms  in  which  they  appear  (see  p.  199). 
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For  all  minerals  in  a  state  of  average  purity  the  specific  graviiy  is  .>ne  of 
the  most  important  and  constant  characteristics,  as  urged  especially  by 
Breithanpt.  Every  chemical  analysis  of  a  mineral  should  be  accompanied 
b;  a  careful  deterniinat'on  of  its  density. 

Practical  mtgge^tions. — The  fragment  taken  shoold  not  bo  Ixk)  large,  say  from  two  to  five 
^rams  for  ordinary  cases,  varying  somewhat  with  the  density  of  the  mineral.  The  substance 
muMt  be  free  from  imparities,  internal  and  external,  and  not  porous.  Core  must  be  taken  to 
exclude  air-bubbles,  and  it  will  often  be  found  weU  to  moisten  the  surface  of  the  specimen 
before  inserting  it  in  the  water,  and  sometimes  boiling  is  necessary  to  free  it  from  air.  If  it 
absorbs  water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  satu- 
rated. No  accurate  determinations  can  be  made  unless  the  changes  of  temperature  are 
rigorously  excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  speoifio 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  Thii 
method  is  often  important  in  the  study  of  rocks. 
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III.  LIGHT.* 

Before  considering  the  distingnishing  optical  properties  of  crystals  of  the 
different  systems,  it  is  desirable  to  review  briefly  some  of  the  more  im- 
portant principles  of  optics  upon  which  the  plienomena  in  qnestion 
depend. 

Nature  of  light, — In  accrordance  with  the  nndulatory  tlieory  of  liny* 
firhens,  as  fnrth(M*  developed  l)y  Young  and  Fresnel,  light  is  conceived  to 
consist  in  the  vibration?,  tjansvci-se  to  the  direction  of  proj)agation,  of  the 
particles  of  inipondcrahlo,  elastic  ether^  which  it  is  assumed  pervades  all 
space  as  well  as  all  nuiterial  ItvuHcs.  These  vibrations  are  propagated  with 
^i-eat  vtloiiitv  ill  straight  linos  and  in  all  directions  from  the  luminous 
[x»int,  and  rhe  j»LMisation  which  they  produce  on  the  nerves  of  the  eye  is 
called  I'ujht 

The  nature  ot  the  vibrations  will  be  under8t(K>d  from  f.  374.  If  AE 
represents  the  direction  of  propagation  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  as  a  line  of  equilibrium.     The  vibra- 

*  See  further  oxf  dd  177  et  sen. 
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tinii  of  tlic  liret  particle  induces  a  siinilar  inorcineiit  in  the  adjacent  par- 
ticle ;  this  is  communicated  to  the  iiext,  and  so  ou.  The  particles  vibrate 
BUCcesBively  from  the  line  AB  to  a  distance  corresponding  to  W,  called  the 
amplitude  of  the  vibration,  then  return  to  b  and  pass  on  to  b'\  and  lo 


on.  ThnB  at  a  given  instant  there  are  particlos  occnpying  all  posittona, 
from  that  of  the  extreme  distance  h',  or  c',  from  the  line  of  eqnihbrinm  to 
that  on  this  lino.  In  this  way  the  wave  of  vibration  moves  forward,  while 
the  motion  of  tlic  particles  la  only  ttaniiverse.  In  the  fin;ure  the  vibr&tioni 
are  repi-esented  in  one  plane  only,  but  in  ordinary  light  they  take  placu  in 
all  directionp  almnt  the  line  AB.  The  distance  between  any  two  particles, 
which  are  in  like  positions,  of  like  phtse,  as  h'  and  c',  is  called  the  waw*- 
Icnrjtfi  ;  and  the  time  required  for  tnia  completed  movement  is  called  Uie 
thne  of  viliralion.  The  intensity  of  the  light  varies  with  the  amplitude  ol 
the  viliiarions,  and  the  color  depends  upon  the  length  of  the  waves ;  the 
Wiivc-lcngtlis  of  the  vi()let  rays  are  shorter  than  those  of  the  red  rays. 

Two  waves  of  like  phase,  propagated  in  the  Same  direction  and  of  equal 
intensity,  on  meeting  unite  to  form  a  wave  of  donhle  intensity  (double 
amplitude).  If  the  waves  differ  in  pluiae  by  half  a  wave-lengtli,  or  an  odd 
Hinlttjile  of  this,  they  interfere  and  extinguish  each  otlier.  For  otlier  rela- 
tions of  phase  they  ai-e  also  said  to  interfere,  forming  a  new  rcsnltant  wave, 
differing  in  phnse  and  amplitude  from  each  of  the  component  waves;  if 
they  are  waves  of  white  light,  their  interference  is  indicated  by  the  appeal^ 
ancti  of  the  successive  c(>lora  of  the  specti-nm.  The  propagation  of  the 
vibration-waves  of  light  is  sometimes  compared  to  the  effect  produced 
when  a  pebble  is  thi-own  in  a  sheet  of  quiet  water — a  series  of  concentric 
circular  waves  are  sent  out  from  the  point  <)f  agitation.  These  waves  c<m- 
sifit  in  the  transvei-se  vibration  of  the  particles  of  water,  the  waves  movr 
f oiwBi-d,  but  liie  water  simply  vibrates  to  and  fi-o  vertically. 

The  waves  of  light  are  propagated  forward,  in  an  analogous  manner,  ia 
nil  directions  from  the  Inminoiis  point,  and  the  surface  wuieli  contains  all 
the  imrtick's  which  connnence  their  vibrations  simultaneously  is  called  the 
wave-surface  (ft'elleuflfiche,  6erw.). 

If  tbu  pi'opagation  of  light  goes  on  with  the  same  velocity  in  all  direc- 
tions in  a  homogeuooue  niedinm,  the  wave-snrface  is  obviously  that  of  a 
sphere  and  tlie  medium  is  said  to  be  isotrope.  If  it  takes  place  with  dif- 
ferent velocities  in  different  directions  in  a  body,  the  wave-surfai-o  is  some- 
times an  clli]>autd,  but  never  spherical,  as  Is  shown  later;  such  a  bMy  ii 
culled  anisolrope. 

All  tlie  phenomena  of  optics  are  explained  uiroii  the  supposition  of  watM 
^  liffht,  whose  change  of  direction  accompanies  refi-action,  whose  interfer- 
eii<;e  produces  the  colored  bands  of  the  diffi'action  "pectra,  etc.  For  tha 
full  discngsiou  of  the  subiect  rp'^creiice  must  be  made  to  works  <m  optica. 
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Seffoction. — A  ray  of  light  passing  throiigh  a  botiir^neonB  inedium  ia 
always  propagated  in  a  straight  line  without  deviation.  When,  however, 
the  light-ray  passes  from  one  medium  to  another,  which  is  of  different 
density,  it  suffers  a  change  of  direction,  which  is  called  refraction.  For  iii- 
Btance,  in  f.  S75,  if  ca  is  a  ray  of  light  passing  from  air  into  watar,  its  path 
will  he  changed  after  passing  the  surface  at 
a,  and  it  will  continue  in  the  direction  ah. 
Conversely,  if  a  ray  of  light,  ia,  pass  from 
the  denser  medium,  water,  into  the  rarer 
inedium,  air,  at  a,  it  will  take  the  direction 
ae. 

Tf  now  moo  is  a  perpendicular  to  the  sur- 
face at  a,  it  will  be  seen  that  the  angle  camy 
called  the  angle  of  incidence  (i)  of  the  ray 
ca  is  greater  than  the  angle  iao,  called  the 
angle  of  Tef faction  (r),  and  wiiat  is  observed 
in  this  case  is  found  to  ho  nn i veraally  true, 
and  rhe  law  ia  expressed  us  follows: 

A  ray  of  light  in  pausing  from,  a  rarer 
to  a  denser  medium  ia  nfract^  towabds 
<A<  perpendioidar ;  if  from  a  denser  to  a  rarer  medium  it  ia  refracted 
AWAT  FROM  t/ie  perpendicular. 

A  further  relation  lias  also  been  established  by  experiment;  however 
great  or  small  ihe  angle  of  incidence,  cam  (i),  may  be,  there  ia  always  a 
ei>nstaut  relation  between  it  and  the  angle  of  refraction,  yawi  (r),  for  two 
given  subetancos,  as  here  for  air  and  water.  This  is  seen  in  the  figure  where 
(if  and  da  ai'e  the  sines  of  the  two  angles,  and  their  ratio  (=^  ^  nearly)  is 
tlto  same  as  that  of  tlie  sine  of  any  other  angle  of  incidence  to  the  sine  of 
iu  angle  of  refraction.     This  principle  is  expressed  as  follows: 

TAe  sine  of  the  angle  of  incidence  bears  a  constant  ratio  to  the  sine  of 
the  angle  of  refraction. 

This  constant  ratio  between  these  two  angles  is  called  the  index  of  refrac- 
tion, or  simply  n.     In  the  example  given  for  air  and  wntor  -: —  =  l.Soii, 

and  consequently  the  value  of  the  index  of  refraction,  or  n,  is  1.385. 

The  following  table  includes  the  values  of  n  for  a  variety  of  snbstanfcs. 
For  all  crystallized  minerals,  except  those  of  the  isometric  svstem,  the  index 
of  refraf^tion  has  more  than  one  value,  as  ia  explained  in  the  pages  which 
follow. 


Ice 1.308 

Water 1.385 

Fluorite 1.436 

AInm 1.457 

Chalcedony 1.553 

Rock-salt 1.557 

Quarts 1.648 


Calcite 1.654 

Aragonite 1.693 

Boracite 1.701 

Garnet 1.815 

Zircon 1.961 

Blende 2.260 

Diamond 2.410 


tn  tbe  principle  which  baa  Iwen  stated,  - 


-  =  n,  twc  pointa  ai-e  to  ba 


gi\ 
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noted.    Fii-Bt,  if  the  angle  i  =  0®,  then  sin  i  =  0,  and  obvionslj  also  f  =  0. 
in  other  words,  wlien  the  ray  of  light  coincides  with  the  perpeudicniar  no 
refraction  takes  place,  the  ray  proceeding  onward  into  the  second  mediom 
without  deviation. 
Agoin,  if  the  angle  i  =  90"*,  then  sin  i  =  1,  and  the  equation  abcve  be- 

uoines  -.  —  =  n,  or  sin  r  =  — .    As  n  has  a  fixed  value  for  every  sabstancei 
sin  r  n  ^  -» 

It  is  obvious  that  there  will  also  be  a  corresponding  value  of  the  angle  r 
for  the  case  mentioned.     From  the  above  table  it  is  seen  that  for  water 

sin  r  =  :,   -  - ,  and  r  =  48°  35' :  for  diamond,  sin  r  =  - — ,  and  r  =  24°  25'. 
1.33o  2.42 

In  the  example  employed  above,  if  the  angle  bdo  (r)  =  48°  35',  the  line  ae 

will  coincide  with  uf^  supposing  the  light  to  go  from  b  to  a.     If  r  is  gi'eater 

than  48°  o5',  the  I'liy  no  longer  passes  from  the  water  into  the  air,  but  snifei'S 

total  rcfliidioii  at  the  surface  a.     This  value  of  r  is  said  to  be  the  limiting 

value  for  the  given  substance.     The  smaller  it  io  the  greater  the  amount  or 

light  reflected,  and  the  greater  the  apparent  hriUiancy  of  the  substance  in 

question.     This  is  the  explanation  of  the  brilliancv  of  the  diamond. 

Detemiinatiou  of  the  index  of  refraction* — fey  means  of  a  prism,  as 

MNP  in  f.  376,  it  is  possible  to  determine 

the  value  of  w,  or  index  of  refraction  ui  a 

iven  substance.     The  full  explanation   of 

is  subject  belongs  to  works  on  optics,  but 

a  word  is  devoted  to  it  hei-e.     If  the  material 

is  solid,  a  prism  must  be  cut  and  }X)li8hed, 

with  its  edge  in  the  proper  direction,  and 

having  not  too  small  an  angle.     If  the  refrac- 

^  P  tive  index  of  a  liquid  is  required,  it  is  placed 

within  a  hollow  prism,  with  sides  of  plates  of  glass  having  both  surfaces 

parallel. 

The  angle  of  the  prism,  MNP  (a),  is,  in  each  case,  measured  in  the 

same  manner  as  the  angle  between  two  planes  of  a  crystal,  and  then  tlie 

miniinum.  amount  of  deviation  (S)  of  2^)nonjOchromrJic  yvlj  of  light  passing 

fix)m  a  slit  through  the  prism  is  also  determined.     The  amount  of  deviation 

•.»f  a  ray  in  passing  through  the  piism  varies  with  its  position,  but  when  the 

prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the 

prism  (i  =  /',  f.  37(5),  both  when  entering  and  emerging,  this  deviation  has 

^ fixed  mininiHjn  value. 

If  S  =  the  minimum  deviation  of  the  ray,  and 

xi           1      r  ^1         '        .\                sin  i(a  4-  8) 
a  =  the  anjijlc  or  the  prism,  then  n  =  ^-- -. 

In  determining  the  value  of  n  for  different  colors,  it  is  desirable  to  employ 
rays  of  known  position  in  the  spectrum. 

DotibU  refraction, — Hitherto  the  existence  of  only  one  refracted  ray  has 
been  assumed  when  light  passes  from  one  medium  to  another.  But  it  is 
a  well-known  fact  tliat  there  are  sometimes  two  i*efracted  itij'S.  The  most 
familiar  example  of  this  is  furnished  by  the  mineml  calcite,  also  called  on 
account  of  tliis  proi>erty  **  doubly- refracting  spar." 

If  tanop  (f.  377)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  li^l^t  ineeti 

*  See  further  on  p.  177. 
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tt  at  hj  it  will,  in   passing   tlirou^h,  be  divided   into   two  rays,  hc^  hd 
Similarly  a  line  seen  through  a  piece  of  calcite  ordi- 
narily appears  double.  ^^ 

It  will  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  crystallized  minerals, 
though  in  a  less  striking  degi*ee. 

Iieflectio7i,-^When  a  ray  of  light  passes  from  one 
medium  to  another,  for  example,  from  air  to  a  denser 
substance,  as  has  been  illustrated,  the  light  will  be  par- 
tially transmitted  and  refracted  by  the  latter,  in  the 
manner  illustrated,  but  a  portion  of  it  (the  ray  ag^  in  f.  375),  is  always 
i*eflected  back  into  the  air.  The  direction  of  the  reflected  ray  is  known 
in  accordance  with  the  following  law : 

The  angles  of  incidence  ana  reflection  are  equal. — In  f.  375  the  angle 
cam  is  equal  to  the  angle  mag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  upon  the 
angle  of  incidence,  and  also  upon  the  transparency  of  the  second  medium. 
If  the  surface  of  the  latter  is  not  perfectly  polished,  diffuse  reflection  will 
take  place,  and  there  will  be  no  distinct  reflected  ray. 

Still  another  important  principle,  in  relation  to  the  same  subject,  remains 
to  be  enunciated  :  The  ray%  oftiicidence^  reflection^  and  refraction  all  lie 
in  the  aanie  pfune. 

Disperaion, — Thus  far  the  change  in  direction  which  a  ray  of  light  suffers 
on  retraction  has  alone  been  considered.  It  is  also  true  that  the  amount 
of  refraction  diffei-s  for  the  different  colors  of  which  ordinary  white  light 
is  C4>mp(^ed,  being  greater  for  blue  than  for  red.  In  consequence  of  this 
facit,  if  a  ray  of  ordinary  light  pass  through  a  prism,  as  in  f.  376,  it  will 
not  only  be  refracted,  but  it  will  also  be  separated  into  its  component  colors, 
thus  forming  the  spectrum. 

This  vai'iation  for  the  different  colors  depends  directly  upon  their  wave 
lengths ;  the  red  rays  have  lonijer  waves,  and   vibrate  more  slowly,  and 
hence  suffer  less  refraction  than  tlie  violet  rays,  for  which  the  wave-lengths 
are  shorter  and  the  velocity  greater. 

Interference  (flight;  aiff Taction. — When  a  ray  of  monochromatic  light 
is  made  to  pass  through  a  narrow  slit,  or  by  the  edge  of  an  opaque  body, 
it  is  diffracted^  and  there  arise,  as  may  be  observed  upon  an  appropriately 

|)laeed  screen,  a  series  of  dark  and  light  bands,  growing  fainter  on  the  outiir 
imits.  Their  presence,  as  has  been  intimated,  is  explained  in  accordance 
with  the  undulatory  theory  of  light,  as  due  to  the  interference^  or  mutual 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  employed, 
the  phenomena  are  the  same  and  for  the  same  causes,  except  that  the  bandt; 
arc  successive  spectra.  Diffraction  gratings,  consisting  of  a  series  of  ex- 
tremely flne  lines  very  closely  ruled  upon  ijlass,  are  employed  for  the  same 
purpose  as  the  prism  to  produce  the  cmored  spectrum.  The  familiar 
phenomena  of  the  coloi-s  of  thin  plates  and  of  Newton's  rings  depend  upon 
the  same  principle  of  the  interference  of  the  light  waves.  This  subject  is 
one  of  the  liigiicst  importance  in  its  connection  with  the  optical  propeicies 
of  crystals,  since  the  phenomena  observed  when  they  are  viewed,  under 
ceitain  circumstances,  in  polarized  light  are  explained  in  an  analogous 
miumer.  (Compare  the  colored  uiate,  frontispiece.) 
9 
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Polarizdtion  hy  reflection, — By  polarization  is  undcrBtood,  in  general, 
tliat  change  in  the  character  of  reflected  or  transmitted  light  which  dimin- 
Ishes  its  power  of  being  further  reflected  or  transmitted.  In  accordance 
with  the  undulatory  theory  of  h'ght  a  ray  of  polaiized  light  is  one  whose 
vibrations  take  place  in  a  single  plane  only. 

Suppose  (f.  378)  mn  and  op  to  be  two  parallel  mirrors,  say  simple 

polished  pieces  of  black  glass ;  a  ray  of  light,  ABy 

will  be  reflected  from  mn  in  the  direction  BC^ 

yl|p  ^^.^^  a"d  meeting  op^  will  be  again  reflected  to  D. 

/Jr^^^^^  When,  as  here,  the  two  min-ors  are  in  a  parallel 

/J»\^^  position,  the  plane  of  reflection  is  clearly  the 

W\     ^^«  same  for  both,  the  angles  of  incidence  are  equal, 

and  the  rays  AB  and  CD  are  parallel.  The  ray 
CD  is  polarised^  although  this  does  not  show 
itself  to  the  eye  direct 

Now  let  the  mirror,  op,  be  revolved  about  BC 
as  an  axis,  and  let  its  position  otherwise  be  un- 
changed, so  that  the  angles  of  incidence  still 
remain  equal,  it  will  be  found  that  the  reflected 
ray,  CD^  loses  more  and  more  of  its  brilliancy  as 
the  revolution  continues,  and  when  the  mirror, 
op^  occupies  a  position  at  right  angles  to  its 
former  position,  the  amount  of  light  renected  will  be  a  minimum,  the 
planes  ot*  reflection  being  in  the  two  cases  pen^endicular  to  one  another. 

If  the  revolution  of  the  mirror  be  continued  with  the  same  conditions  as 
before,  and  in  the  same  direction,  the  reflected  ray  will  become  brighter 
and  brighter  till  the  mirror  has  the  position  indicated  by  the  dotted  line, 
(/p\  when  the  ])lanes  of  reflection  again  coincide,  and  the  reflected  ray,  6'/^, 
is  equal  in  brilliancy  to  that  previously  obtained  for  the  position  Cl). 

The  same  diminution  to  a  minimum  will  be  seen  if  the  revolution  is  con- 
tinued 90°  farther,  and  the  reflected  rav  again  becomes  as  brilliant  as  before 
when  the  mirror  resumes  its  fli*st  position  op. 

In  the  above  description  it  was  asserted  that,  when  the  planes  of  inci- 
deucx*  of  the  mirroi-e  were  at  right  an<jles  to  each  other,  the  amount  of  light 
reflected  would  be  less  than  in  any  otner  position,  that  is  a  minimum.  For 
one  single  position  of  the  min-ors,  however,  as  they  thus  stand  perpendicular 
to  each  other,  that  is  for  one  single  value  of  the  angle  of  incidence,  the 
light  will  be  practically  extinguished,  and  no  reflected  ray  will  appear 
fi-om  the  second  mirror. 

The  angle  of  incidence,  ABH^  for  this  case  is  called  the  angle  of  polar- 
iziition^  and  its  value  varies  for  different  substances.  It  was  shown  further 
by  Brcw5tc   that : 

TJvC  anfjk  of  pol-ariztition  is  tliat  angle  whose  tangent  is  the  index  of 
refraction  (f  the  reflecting  substance^  i,e,,  tan  t  =  n. 

Exactly  the  same  phases  of  change  would  have  been  observed  if  the 
upper  mirror  had  been  revolved  in  a  similar  manner.  The  first  mirror  is 
often  called  the  polar iz^/r^  the  second  the  analyzer. 

This  change  which  the  light  suffei*s  in  this  case,  ii.  conscqnence  of  re- 
flection, is  called  polaf*ization. 
In  order  to  give  a  partial  explanation  of  this  phenomenon  and  to  make 
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tbe  same  subject  intelligible  as  applied  to  other  cases  in  which  polarization 
CM;curs,  reference  mnat  be  made  to  the  commonly  received  theory  of  the 
nature  of  light  already  detined. 

The  phenomena  of  lis^ht  are  explained,  as  has  been  stated,  on  the  assump- 
tion that  it  consists  of  the  vibrations  of  the  ether,  the  vibrations  being 
transvej-se,  that  is  in  a  plane  perpendicular,  to  the  direction  in  which  the 
light  is  propagated-  These  vibrations  in  ordinary  light  take  place  in  all 
directions  in  this  plane  at  sensibly  the  same  time ;  strictly  speaking,  the 
vibrations  are  considered  as  being  always  transverse,  but  their  directions 
ai-e  constantly  and  instantaneously  changing  in  azimuth.  Such  a  ray  of  light 
is  alike  on  all  sides  or  all  around  the  line  of  propagation,  Ajd^  f.  874. 
A  i*ay  of  completely  polarized  light,  on  the  other  hand,  has  vibrations  in 
ohe  direction  only,  that  is  in  a  single  plane. 

These  principles  may  be  applied  to  the  case  of  reflection  already  de 
Bcrilwd.  Tlie  ray  of  ordinary  light,  AB^  has  its  vibrations  sensibly  simul- 
taneous in  all  directions  in  the  plane  at  right  angles  to  its  line  of  propaga- 
tion, wliile  the  light  reflected  from  each  mirror  has  only  those  vibrations 
which  are  in  one  direction,  at  right  aiigles  to  the  plane  of  reflection — 
Bup|x>8ing  that  the  mirrors  are  so  placed  that  the  angle  of  incidence 
(ABH)  is  also  the  angjc  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  378,  the  ray  of  light, 
BC\  after  being  reflected  by  tlie  first  mirror,  mn,  contains  that  part  of  the 
vibration?  wIk)?-*"  direction  is  normal  to  its  plane  of  reflection  called  the 
j)lane  of  pohn^iziitv^n.  This  is  also  true  of  the  second  mirror,  and  when 
they  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
reflected  a  second  time  without  additional  change. 

If,  however,  the  second  mirror  is  revolved  in  the  way  described  (p.  130), 
liiAB  and  less  of  the  light  will  be  reflected  by  it,  since  a  successively  smaller 
part  of  the  vibrations  of  the  ray  ^6^  take  place  in  a  direction  normal  to 
its  plane  of  reflection.  And  when  the  mirrors  are  at  right  angles  to  each 
Jther,  after  a  revolution  of  op  90°  about  the  line  BC  f\^  an  axis,  no  part  of 
ihe  vibrations  of  the  ray  BZJ^lyq  in  the  plane  at  right  angles  to  the  reflec- 
tlftn-plane  of  the  second  mirror,  and  hence  the  light  is  extinguished. 

By  reference  to  f.  375  this  subject  may  be  explained  a  little  more  broadly. 
It  was  seen  that  of  the  ray  ca^  meeting  the  surface  of  the  water  at  tJ,  pait  is 
reflected  and  part  transmitted  in  accordance  with  the  laws  of  reflection 
and  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  ]X)lar- 
ized,  that  is,  it  is  changed  so  that  the  vibrations  of  the  light  take  ])lace  in 
one  direction,  at  right  angles  to  the  plane  of  incidence.  It  is  also  true  that 
tliu  refracted  ray  is  polarized^  it  containing  only  those  vibratir  ns  which 
were  lost  in  the  reflected  ray,  that  is,  those  which  coincide  with  the  plane 
of  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polarized  reflected  ray  take  place 
at  right  angles  tc  the  plane  of  polarization.  This  is  the  assumption  which 
\a  commonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
well  explained  upon  the  other  supposition  that  they  coincide  with  this 
plane. 

The  separation  of  the  ray  of  ordinary  light  into  two  rays,  one  reflected 
the  other  refracted,  ribrating  at  right  angles  to  each  ether,  takes  place  most 
completely  when  the  reflected  and  refracted  rays  are  90°  from  one  another, 
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as  Di-u^ed  by  Bi-ewster.  i''i'um  this  fact  follows  tlie  lav  au«sdj  stated, 
that  the  tangent  of  the  angle  of  polarization  is  equal  to  the  index  of  re- 
fraction.    The  angle  of  polniizatioii  for  gla^  ia  about  54°  35'. 

This  separation  is  iu  no  case  absolutclv  complete,  but  varies  wJth  differ 
eiit  substances.  In  the  case  of  opaque  substances  the  vibrations  belonging 
to  the  i-efracted  ray  are  inoio or  less  uonipietely  absoibed  (compare  rcuiaru 
on  color,  p.  108),     Metallic  sui-faces  polarize  the  liglit  very  slightly, 

Polarization  bij  means  of  thin  jdates  of  glass. — It  has  been  explained 
tliat  tlie  liglit  which  has  been  transmitted  and  refracted  is  always  at  least 
in  part  ]>olarizcd.  -  It  will  be  readily  understood  fi-om  this  fact  tliat  when  a 
nunibei'  of  glass  plates  are  placed  together,  tlie  light  which  passes  tUrongli 
thcin  all  will  be  more  and  more  completely  polarized  as  their  number  ia 
Increased.  This  is  a  second  uoiiveaieiit  method  uf  obtaining  polarized 
light. 

Polarisation  by  rnean^  of  tourmaliTie platfs. — The  phenomena  of  polar- 
ized light  may  also  be  shown  by  means  of  tourmaline  plates.  If  fi-om 
a  crystal  of  tuiirmaliue,  wiiich  is  suitably  ti-anspareiit,  two  sections  be 
obtained,  eaeii  cut  |)arallel  to  the  vertical  axis,  it  will  be  found  that 
thcise,  when  placed  together  with  the  direction  of  tlieir  axes  coinciding) 
allow  the  light  to  pass  dii'oiigii.  If,  however,  one  section  is  revolved  upou 
the  other,  less  and  less  of  the  light  is  tmusmitted,  until,  when  their  axes  are 
at  right  angles  (90°)  to  each  other,  the  tight  is  (for  the  most  part)  cxtin- 
guislied.  As  the  revolution  is  continued,  more  and  more  light  is  obtained 
throngli  the  sections,  and  after  a  i-evoltition  of  180°,  the  axes  being  again 
pai-alfel,  the  apjieai-ance  is  as  at  tirnt.  A  further  revolution  (270°)  bringn 
the  axes  again  at  right  angles  to  each  other,  when  the  tight  is  a  second  time 
extinguislicti,  and  so  on  around. 

The  explanation  of  tliese  ptienomena,  SO  far  as  it  can  be  given  hero,  is 

analogous  to  that  employed  for  the  case  of  polarization  by  i-©- 

a^  Hecti<in.       Each   plate  so  affects  the   ray   of  light  that  after 

^m~Ji     liaving  p!is.sud  thi'ongh  it  thei'e  exist  vibrations  in  one  direction 

■H^ft|     only,  and  that  parallel  to  the  vertical  axis,  the  otlier  vibrationu 

^^^Kl      being  absorbed.     If  now  the  two  plates  are  placed  in  the  samu 

^^^^H      position,  a/jilc,  and  eft/A  (f.  37^),  tJie  light  passes  through  both 

^^^^1      in   siicceiision.     If,  however,  the  one  is  turned  upon  the  otlier, 

I^^^HI     only  that  portion  of  the  light  can  |>ass  throngh  which  vibralea 

'  If         ^     still  in  the  direction  ac.      This  portion  is  determined  bv  the 

resolution  of  tlie  existing   vibrations  in  accordance   witE   tlie 

principle  of  the  pai-jilielogjain  of  forces.     Ooiiaeqnently,  when  the  sections 

stand  at  right  angles  to  each  other  (f,  380)  the  aniouut  of 

380  transmitted  tight  is  nothing  (not  strictly  true),  that  is,  the 

light  is  extinguished. 

The  tournuiliiie  plates,  which  liave  been  described,  are 

nu>iiiited  in  pieces  of  cork  and  lieJd  in   a  kind  of  wira 

pincers  (f.  381).      The  object  to  he  examined  is  placed 

bctwcuii  tlieni  and  supported  there  i»y  tin-  spring  ni  the 

"  wire.      Ill   use  ttiey  are  held    close  to   the   eye,  and  in 

this  position  the  object  is  viewed  in  cunnergintf  polarized  light. 

Pi/larizatioH  hij  ineanx  uf  iVicrd  pristn^:— Tim  most  convenient  iiiotl'od 
of  obtaining  ^K>lai'ized  light  is  by  means  of  a  jyicol  priem  of  calcite.     A 


roLAsuiTcor  or  uokt. 


elMTsge  riiomboliedrot)  of  calcite  (the  variety  Iceland-  war  is  uaivereaDj 
used  in  conseqnenve  of  its  transparencv)  is  obtained,  faavlug  fonr  lar^  aiid 
two  small  riiomboliedrnl  fuces  opposite  eacli  other.     In  place  of  the  lattoi 


t 


planes  two  new  enrfaces  are  cnt,  makiiiji;  an&:les  of  6S°  (instead  of  71°)  with 

the  ottiiise  vertii'al  edges;  these  then  form  i\ie  turminal  fni-es  of  the  priein. 

In  addition  tn  this,  the  prism  ie  cut  throna;h  in  the  direction  /Z^  (f.  3$2), 

tlie  parts  tiieii  polished  and  cemented  together  aipiin  ivith 

Canada  balsam.     A  ray  f.f  light,  ab,  entering  t)ie  prism 

■is  divided  into  two  rays  polarized  at  rijiht  anirles  to  each 

other.     One  of  these,  ic,  on  meeting  the  layer  of  balsam 

(whose  refractive  index  is  greater  than   that  of  calcite) 

snffers  total  reflection  (p.  l"28t,  and  isdeflect^rd  a^inst  the 

blackened  sides  of  the  prism  and  extingnislied.     The  other 

passes  throngh  and  emerges  at  e.  a  completely  )>(ilnrized 

ray  of  )i<rht.  that  is.  a  ray  with  ribiations  in  one  dii'ection 

only,  ana  that  the  direction  of  the  shorter  diagonal  of  the 

prism  (f.  3S3j. 

It  is  evident  that  two  Nicol  prisms  can  be  nsed  together 
in  the  same  war  as  the  two  Connnaline  plates,  iir  the  two 
mirrors;  one  is  called  the  pol'irizer,  and  the  other  the 
anaiyzer.  The  plane  of  polarization  of  the  Nicol  prisms 
haa  the  direction  PP  (f.  3S3,i  at  right  angles  to  which  the 
vibrations  of  the  light  take  place.  A  ray  of  light  pass- 
ing ihningh  one  Nicol  will  be  estingnished  by  a  second 
when  its  plane  of  polarization  is  at  right  angles  to  that  of 
the  tirst  prism ;  in  this  ca^e  the  Niuols  are  ^d  to  he 
crossed.  The  Nicol  prisms  have  the  gi-eat  advantage  over  the  tourmaline 
plata='.  ihat  the  light  they  transmit  is  uncolored  and  more  completelv 
polarised. 

Either  a  tonrmaline  plate  or  a  Nicol  prism  S8S 

tusy  also  be  nsed  in  connection  with  a  reflecting 
mirror.  The  light  reflected  by  sneli  a  mirror 
vibrates  in  a  plane  at  right  angles  to  the  plane  <)f 
incidence  'plane  of  polarization i;  that  tmns- 
tnitted  by  the  Xic<>l  prism  vibrates  in  the  direc- 
tion of  the  shorter  diagonal  (f.  383i.  Hence, 
when  the  plane  of  this  diagonal  is  at  right  angles 
to  tlie  plane  of  polarization  of  the  inirnn-,  the  re- 
Detned  ray  will  pass  throngh  the  prism ;  bnt  when  the  two  planes  mentioned 
coincide,  the  planes  of  vibration  are  at  right  angles  and  the  reflected  rav  u 
extiugnished  by  the  prism. 
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Pdariavopen.* — The  Nicol  priBiiiE.  wlieti  ready  for  nse,  »re  raonnted  iu  an 
^ipright  inBtniment,  called  a  polan^cnpe,  Sometiinea  parallsl,  and  some- 
tiioee  converging,  liglit  ia  required  in  the  iuvestigationa  for  which  the  instro- 
rnent  ia  used.     Fig.  384ghowBthe  polarizatioii-microecope  of  Norrciiltcr^ 


as  altered  and  improved  bv  Groth  (eoe 
Dteratare,  p.  160).  The  Nicol  prienu 
are  at  d  and  r,  and  are  so  mounted  aa 
to  admit  of  a  motion  of  revolution  in- 
dependent of  the  other  parts  of  the  in- 
Btrnment,  The  loose  e  eausea  the  light 
from  the  ordinary  mirror,  a,  to  paaa  aa  a 
cone  through  the  prism  d,  aiid  tlie  lenaes 
at  h  converge  the  liglit  iip<in  the  plate 
to  be  examined  placed  at  i.  The  other 
lense3(u)aboveactasaweak  microscope, 
having  a  field  of  vision  of  130°.  Tho 
stage  {la.r\dk),  carrying  the  ohiect.  ndmita 
of  a  horizontal  revolution.  The  diatan<» 
between  the  two  halves  of  tho  inatrument 
ia  adjnated  by  the  screwa  m  and  n. 
Wien  parallel  light  ia  required,  a  similar  tnatniment  is  employed,  which 
has,  hoM-evcr,  a  different  arrangement  of  tho  Icnaes,  as  shown  in  f.  885. 
The  objects  for  which  these  inBtrnments,  as  well  as  the  tourmaline  platea, 
are  employed,  will  be  fonnd  descrrltcd  in  the  foUoiving  pages. 

The  Nicol  priiims  are  often  used  aa  an  appendage  to  the  ordinary  com- 
pound microBcope,  and  in  tliis  form  are  important  as  enabling  lu  to  examiiM 
Tcry  minute  crystals  in  polarized  light. + 


*  Sec  further  on  pp.  1TB,  170. 


t  See  pp.  1 
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DISTINGITISHING   OPTICAL   CHARACTERS  OF    THE  ORIS. 

TALS  OF  THE  DIFFERENT  SYSTEMS. 

It  has  already  been  remarked  that  all  crystallized  mincmls  group  them 
selves  into  three  ^rand  classes,  which  are  distinguished  by  their  physical 
properties,  as  well  as  theii  geometrical  form : 

A.  Isometric,  in  which  the  crystals  are  developed  alike  in  all  the  several 
axial  directions. 

Ji,  Isodiametricy  including  the  tetragonal  and  hexa^nal  systems,  who66 
crystals  are  alike  in  the  directions  of  the  several  lateral  axes,  but  vertically 
the  development  is  unlike  that  laterally. 

C,  Anisometric,  embracing  tile  three  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  these  claases  thexe  are  many  cases  of  gradual  transition  in  orystalline  form,  and. 
■imilarlj  and  necessarily,  in  optical  character.  The  line  between  nniaxial  and  bUuriai 
crystals,  for  instance,  cannot  be  considered  a  yery  sharply  defined  one.* 

A.  IsoMETRio  Crystals. 

General  Optical  Character, 

All  isometric  crystals  are  alike  in  this  respect  that  they  simply  refract, 
but  do  not  dovhly  refract  the  light  they  transmit.  They  are  optically 
isotrope.  This  follows  directly  from  the  symmetry  of  the  crystallization. 
In  the  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  throughout 
them  the  same,  and  the  light  is  propagated  in  every  direction  with  the 
same  velocity.  There  is,  consequently,  but  one  value  or  the  index  of  refrac- 
tion. The  wave-sui-face  is  spherical.  This  class  also  includes  all  trans- 
{uirent  amorphous  substances,  like  glass. 

Optical  Investigation  of  Isometric  Crystals, 

In  conseqnence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
epejiai  phenomena  in  polarized  light.  Sections  of  isometric  crystals  may 
be  alwayij  rer  ognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light;  in  other  words,  when  the  Nicol  prisms  are 
crossed  they  appear  dark,  and  a  revolution  of  the  section  in  any  plane  pro- 
duces no  change  in  appearance.  Similarly  they  appear  light  when  placed 
between  parallel  Nicols.     Some  anomalies  are  meiitioued  on  p.  158. 

laometric  crystals  have  but  a  single  index  of  refraction,  and  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  in 
any  direction  whatever. 

Crystals  of  the  second  and  third  classes  are  optically  anisotrqpe. 

♦  See  pp.  18-3  et  seq. 
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B.  Uniaxial  Chtstals. 

Oeneral  Optical  Character. 

In  the  isodiametric  crystals,  those  of  the  tetragonal  and  hexagonal  Bje* 
terns,  there  is  crystalloffraphically  one  axial  direction,  that  of  the  vertical 
axis,  which  is  distinguished  from  the  other  lateral  directions  which  arc 
among  themselves  alike.  So  also  the  optical  investigations  of  these  crystals 
show  that  with  reference  to  the  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  ihe  direction  of  the  vertical  axis  with 
a  velocity  different  from  that  with  which  it  passes  in  any  other  direction, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  tlie  same  angle  with  it,  tne  velocity  of  propagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  directions  normal  to  it  (analogona 
to  the  crystal lographical  relation  c  ^  a),  while  in  the  latter  directions  it  ia 
everywhere  alike. 

Optic  axis, — Let  a  ray  of  light  pass  through 
the  crystal  in  the  direction  of  the  vertical  axis, 
aby  in  f.  3S6,  its  vibrations  must  take  place  in 
the  plane  at  right  angles  to  this  axis ;  but  in  all 
directions  in  this  plane  the  elasticity  of  the  etiier 
is  the  same,  hence  for  such  a  ray  tlie  crystal  must 
act  as  an  isotrope  medium ;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  direction  is  called  the  0Fr£0  axis.* 

Dovhle  refraction, — If,  on  the  other  hand,  the 
ray  of  light  passes  through  the  crystal  in  any  other  direction,  it  is  divided 
into  two  rays,  or  doubly  refracted  (see  f.  377),  and  this  in  consequence  of 
the  diflFerence  in  the  elasticity  of  the  ether  in  the  plane  in  w-hich  the  vibra- 
tions take  place.  Of  these  two  rays,  one  follows  the  law  of  ordinary 
refraction,  and  this  is  called  the  ordinary  ray  ;  the  other  does  not  coiifonu 
to  this  law,  and  is  called  the  extraordinary  ray.  13oth  these  rays  are  polar- 
ized, and  in  planes  at  right  angles  to  each  other ;  the  vibrations  of  the 
extraordinary  ray  take  place  in  the  plane  passing  through  the  incident  ray 
and  vertical  axis,  called  the  principal  section^  those  of  the  ordinary  ray 
are  in  a  plane  at  right  angles  to  this. 

WavL-aurface  of  the  ordinary  ray, — The  meaning  of  the  statement  that 
the  ordinaiy  lay  follows  tlie  law  of  the  jiimple  refraction  is  this : — the  index 
of  refraction  (o))  of  the  ordinary  ray  has  invariably  the  same  value,  what- 
ever be  the  dij'cction  in  which  the  light  passes  through  the  crystal ;  tlie 
amount  of  deviation  from  the  perpendicular  is  always  in  accomance  with 

•  a 

the  law  —, —  =  11  {(o).     In  other  words,  the  ordinary  ray  is  pmpagated  in 
all  directions  in  the  medium  with  the  same  velocity  ;  and  hence  the  wave- 


^  ft  will  be  understood  that  the  opik  4wU  is  wlwjn  a  direction^  not  a  ftnd  lioe  in  Uw 
sryataU. 
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mrfftce  is  that  of  a  sphere.     Moreover,  the  ordinary  ray  always  remains  in 
the  plane  of  incidence. 

Wav^furfaca  of  the  extraordinary  ray. — For  the  extraordinary  ray  the 
taw  of  aimple  refraction  does  not  hold  gotid.  If  experiments  be  made  upon 
any  nniaxial  crystal,  it  will  be  found  that  the  two  rays  are  moat  separutcd 
when  (1)  the  light  falls  peiepexdiculas  to  the  vertical  axis.  Ab  its  indiiia- 
tion  toward  the  axis  is  diminished,  the  extraordinary  ray  approaches  the 
ordinary  ray,  and  coincides  witli  it  wlien  (2)  the  light  passes  tnrongh  i-ab- 
ALLEL  to  the  vertical  axis.  The  index  of  refraction  of  the  extraordinary  ray 
varies  in  value,  being  most  unlike  tu  for  the  fir^t  ease  supposed  when  the 
vibrations  of  the  extraordinar)-  ray  are  parallel  to  the  axis  (when  it  is 
called  e),  and  is  equal  to  <■>  for  the  second  case  supposed.  The  velocity  of 
this  ray  is  then  variable  in  a  corresponding  manner.  The  wave^nrface  of 
the  extraordinary  ray  is  an  ellipsoid  of  rotation.  Moreover  it  ordinarily 
does  not  remain  in  the  plane  of  inuideutre. 

Two  cases  are  now  possible :  the  index  (lu)  of  the  ordinary  ray  may  be  (1) 
gretUer  than  that  of  the  exti-aoixlinary  ray  (f),  in  which  (rase  the  velocity  of 
the  li^ht  in  the  direction  of  the  vertical  axis  is  l^s  than  tliat  in  any  other 
direction  ;  or  (2)  w  may  be  U»g  than  e,  and  in  this  case  the  velocity  of  pro- 
pagation  for  the  light  fiaa  its  maximum  parallel  to  the  vertical  axis.  The 
former  are  called  neyaiive,  tlie  latter /w«W«e  crystals.  The  fact  alluded 
to  here  slionld  be  noted  that  the  value  of  the  refractive  index  is  invei-sely 
pntportionai  to  the  velocity  of  the  light,  or  elasticity  of  the  ether,  in  the 
given  direction. 

Negative  crystals  ;  Wave-surface. — Forcalcite  o>  =1'654,  e  =  1"483,  it  ia 
hence  one  of  the  class  of  negative  crystals.  The  former  value  (m)  belonga 
to  the  ray  vibrating  at  right  angles  to  the  vertical  axis,  and  the  latter  value 
(e)  to  the  ray  with  vibj'ations  parallel  to  the  axis.  As  has  been  stated,  the 
refractive  index  for  the  extraoidinary  ray  increases  from  1.483  to  1.654,  as 
the  rav  becomes  more  and  inure  ncarlv 
parallel  to  the  vertical  axis.     Fig- 387  iihis-  '^ 

trates  grapliically  the  relation  between  the 
two  indices  of  refraction,  and  the  correspond- 
ing velocities  of  the  rays  ;  ab  represents  the 
direction  of  the  vertical  axis,  that  is,  the  (^tie 
axis.  Also  ma,  nth  represent  the  velocity 
of  the  light  parallel  to  this  axis,  correspond- 
ing to  the  greats  index  of  refraction  (1'664). 
The  circle  described  with  this  radius  will 
represent  the  constant  velocity  of  the  ordi- 
nary ray  ill  any  direction  whatever.  Let 
fui-ther  mil,  mc  represent  the  velocity  of  the  extraordinary  ray  passing  at 
right  angles  to  the  axis,  hence  corresponding  to  the  smaller  index  ^f 
refractiun  {1'483).  The  ellipse,  whose  major  and  minor  axes  are  cd 
and  ab,  will  express  the  law  in  accordance  with  which  the  velocity  of  the 
extraordinary  ray  varies,  viz.,  greatest  in  the  direction  md,  least  in  the 
diitiction  ab  in  which  it  coincides  with  the  ordinary  ray.  For  any  inter- 
mediate direction,  hgm,  the  vel^jcity  will  be  expressed  by  the  length  of  the 
line,  Am. 

ikuw  let  this  figure  be  revolved  about  the  ftxis  a&;  there  will  begengialed 
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ft  circle  within  an  oblate  ellipsoid  of  rotation  (f.  388).     The  snrface  ot  ths 
sphere  ia  the  wavusurfaoe  of  the  ordinary  ray 
SBS  and  that  of  the  ellipsoid  of  the  cstmofdiiiaij 

ray ;  the  line  of  their  intersection  is  the  optio 
axis. 

In  f.  377,  p.  147,  tlio  ray  of  light  Ib  sbowD 
divided  into  two  by  the  piece  of  caloite ;  of 
tlieee,  bd,  wiiicb  is  tlie  more  j-efracted,  ia  the 
ordinary  ray,  and  he,  which  is  less  refracted,  is 
the  extraordinary  ray. 

Positive  crygtait ;  'Wave-8urf(ux.  —  For 
quaitz  »=  1-548,  «=  1-558.  The  index  of 
refraction  for  the  ordinary'  ray  (w)  is  less  than  that  of  the  extraordinary  ray 
(e) ;  quartz  Iience  belongs  to  the  class  of  positive  crystals.  The  value  of  € 
(l'6o8)  foi-  the  cxtraoitiinai-y  ray  corresponds  to  the  direction  of  the  ray  at 
right  anjries  to  the  vertical  axis,  when  it*  vibrations  are  parallel  to  thisaxia. 
Aa  the  direction  of  the  ray  changes  and  becomes  more  and  more  nearly  par- 
allel to  the  axis,  the  value  of  its  index  of  re- 
S8B  fraction  deci-cases,  and  when  it  is  parallel  to  the 

latter,  it  has  the  value  1-54S.  The  extraordin- 
ary ray  then  coincides  with  the  ordinary,  and 
there  is  no  double  i-efiaction ;  this  is,  as  be^ 
fore,  the  line  of  the  optic  axis.  The  law  for 
both  rays  can  be  represented  graphically  in 
the  same  way  as  for  negative  crystals.  In 
f.  389,  amh  is  the  direction  of  the  optic  axis; 
let  ma,  mh  repi-esent  the  velocity  of  tue  ordin- 
ary ray,  which  corresponds  to  the  least  i"©- 
fractive  index  (1'548),  the  circle  afhe  will 
express  the  law  for  this  ray,  viz.,  the  veloci^ 
the  same  in  every  direction.  Moreover,  let 
md,  mc  represent  the  \'el<>city  of  the  extraor- 
dinar}'  i-ay,  at  right  angles  to  the  axis,  which  corresponds  to  tlie  maximnm 
refi-active'  index  (1'558) ;  the  ellipse,  arfic,  will  express  the  law  for  velocity 
oi  the  cxtraoi'dinary  ray,  viz.,  least  in  the  direction  md,  and  greatest  in  tha 
iirection  oi,  when  it  is  equal  to  that  of  the  ordinary  ray,  and  varying 
niiiforinly  between  these  limits.  If  the  figure  be  revolved  as  before,  tnere 
\\  ill  be  generated  a  sphere,  whose  sui'faoe  is  the  wave-surface  of  the  ordin- 
ary ray,  and  within,  it  a  piolate  ellipsoid  whoee  surface  represents  the 
wavoaurface  of  the  extraordinary  ray. 
The  following  list  includi:-^  examples  of  both  classes  of  uniaxial  crystals ; 


Negative  ct'ystals  (— ), 
Calcite, 
Tourmaline, 
Corandnm, 
Beryl, 
Apatite. 

It  may  be  remarked  that  in  s 


Positive  crystah  (-»-), 
Qv  artz, 
^rcon, 
Hematite, 
Apophyllita, 
Caesiterite. 

}  species  both  +  and  —  varifltiei  hats 
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been  observed.  Certain  crystals  of  apophyllite  are  positive  for  ono 
end  of  the  spectrum  and  negative  for  the  other,  and  consequently  for  some 
color  between  the  two  extremes  it  lias  no  double  refraction. 

Tkeae  principles  make  the  explanation  ot  the  use  of  tourmaline  plates  and  calcite  pzismt 
as  polarizing  instraments  ip.  150)  more  intelligible. 

The  two  rays  into  which  the  single  raj  is  divided  on  passing  through  a  uniaxial  crystal  are, 
as  has  been  said,  both  polarised,  the  ordinary  ray  in  a  plane  passing  through  the  vertioal 
axis  and  the  extraordinary  ray  perpendicular  to  this.  In  a  tourmaline  plate  of  the  proper 
thickness,  cut  parallel  to  the  axis  i\  the  ordinary  ray  is  absorbed  (for  the  most  part)  and  the 
extraordinary  ray  alone  passes  through,  haying  its  vibrations  in  the  direction  of  the  vertical 


In  the  calcite  prism,  of  the  two  refracted  and  polarized  rajs,  the  ordinary  ray  is  disposed  of 
artificially  in  the  manner  mentioned  (p.  IQl),  and  the  extraordmarj  raj  alone  passes  through, 
vibrating  as  alreadj  remarked,  in  Uie  direction  of  the  axis  c-,  or,  in  other  words,  of  Uie 
shorter  diagonal  of  the  Nicol  prism. 

The  relation  of  these  phenomena  to  the  molecular  structure  of  the  crystal  is  well  shown 
by  the  effect  of  pressure  upon  a  parallelepiped  of  glass  Glass,  normally,  exhibits  no  colored 
phenomena  in  polarized  light,  since  the  elasticity  of  the  ether  is  the  same  in  all  directions, 
and  there  is  hence  no  double  refraction.  But  if  the  block  be  placed  under  pressure,  exerted 
on  two  opposite  faces,  the  conditions  are  obviously  changed,  the  density  is  the  same  in  ths 
both  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym* 
metry  in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  expected, 
on  placing  the  block  io  the  polariscope,  a  black  cross  with  its  colored  rings  is  observed,  exactly 
as  with  calcite.  Similarly  when  glass  has  been  suddenly  and  unevenly  cooled  its  moieouUor 
structure  is  not  homo;'feneoaA,  and  it  will  be  found  to  polarise  light,  although  the  phenomena, 
for  obvious  reasons,  will  not  have  the  reg^arity  of  the  case  described. 

It  may  be  added  here  that  recent  investigations  by  'Mi.  John  Kerr  have  shown  that  aleotci- 
titj  calls  out  birefringent  phenomena  in  a  block  of  glass.    (Phil  Mag.,  1.,  337.) 


Optical  Investigation  of  Uniaxial  Crystals. 

Sections  normal  or  parallel  to  the  axis  in  polarized  light. — Suppose  a 
section  to  be  cut  perpendicular  to  the  vertical  axis  (axial  section),  it  has 
alreadj  been  shown  that  a  ray  of  light  passing  through  the  crystal  in  this 
direction  8uflfei*s  no  change,  consequently,  such  a  section  examined  in 
parallel  polarized  light,  in  the  instrument  (f.  385),  appears  as  a  section  of 
an  isometric  crystal. 

If  the  same  section  be  placed  in  the  other  instrument  (f.  384,  p.  152), 
arranged  for  viewing  the  object  in  converging  light,  or  in  the  ttnirmaline 
longs,  a  beautiful  phenomenon  is  observed  ;  a  symmetrical  black  cross — 
\rhcn  the  Nicol:^  or  tourmaline  plates  are  crossed — with  a  series  of  concentric 
rings,  dark  and  light,  in  monochromatic  light,  but  in  white  light,  showing 
the  prismatic  coloi-s  in  succession  in  each  ring.  This  is  shown  without  the 
colors  in  f.  390,  the  arrangement  of  the  colore?  in  the  elliptical  rings  of  the 
colored  plate  (tVontispieci)  is  similar. 

This  cros8  becomes  white  when  the  Nicols  or  tourmalines  are  in  a  par- 
allel praition,  and  each  band  of  color  in  white  light  changes  to  its  complo- 
un;nrary  titit  (F.  391).  These  interference  figures  are  seen*  in  this  form 
nnly  in  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  uni- 
xjriaJj  character  of  the  crvstal. 

The  explanation  of  this  phenomenon  can  be  only  hinted  at  in  this  place 

»  Uniaxial  crystals  which  produce  circular  polarization  exhibit  interference  liarurcs  which 
differ  somewhat  from  those  aescribed.  Some  anomalies  are  mentioned  on  p.  158.  See  also 
pp.  185  0t  seq. 
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All  the  rays  of  light,  whose  vibrations  coincide  with  the  vibradon-plaaei 
af  eitlier  of  the  crossed  Nicola,  must  necessarily  be  extinguished.  Thii 
gives  rise  to  the  hlaclt  cross  in  the  centre,  with  its  arms  in  the  dii-ection  of 
Hie  planes  mentioned.  All  other  rays  passing  throiieh  the  given  plate 
obliijiioly  will  be  doubly  refracted,  and  after  passing  tlirou^h  the  second 
Nicol,  uias  being  referred    to  the  same  plane  of   polarization,  they  will 


inierfere,  and  will  sive  rise  to  a  series  of  ccibcentric  rings,  light  and  dark 

in  hoinogoneoiis  light,  but  in  ordinary  light  showing  the  successive  colon  of 
the apectrnin.  In  regai-d  to  the  interference  of  polaiized  rays,  the  fact  ninft 
be  stated  that  that  can  take  place  only  when  fhey  vilirate  in  the  same  plane ; 
two  rays  vibrating  at  right  angles  to  each  other  cannot  interfere.  These 
intei-ference  phenomena  are  similar  to  tlie  successive  spectra  obtained  by 
diffraction  gratings  alluded  to  on  p.  129.  It  is  evident  that,  in  oi-der  to 
observe  the  phenomena  ruost  advantageonsly,  the  plate  mnst  have  a  anitable 
thickness,  whiuh,  however,  varies  with  the  refractive  index  of  the  substance 
The  thicker  the  plate  the  smaller  the  rings  and  tlie  more  they  are  ci-owdetl 
together;  when  the  thickness  is  considerable,  only  the  black  brnahes  arc 
eeeu. 

Section  parallel  {orgharply  indined)  to  the  axis. — If  a  section  of  a  nni- 
axial  crystal,  cut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
parallel  polarizeil  light,  it  will,  when  its  axis  coincides  with  the  direction 
of  vibratii>n  ui  one  of  the  Nicol  prisms,  appear  dark  when  the  prisms  are 
crossed.  If,  however,  :t  be  revolver!  horiz<)ntally  on  the  stage  of  the  polari- 
scoim  {I,  /,  f.  38i)  it  will  appear  alternately  dark  and  light  at  intervals  of  46% 
dark  under  the  conditicns  mentioned  above,  otherwise  more  or  less  light,  the 
inaxinuitn  of  light  being  (■btaiued  when  the  axis  of  the  section  makes  an 
angle  of  45'  with  the  plane  of  the  Nicol.  Between  parallel  Nicols  the 
iihenoinena  are  the  same  except  that  the  light  and  darkness  are  reversed. 
Wlien  the  plate  is  not  too  thick  the  polarized  ray,  after  passing  the  upper 
Nicol,  will  intei-ferc,  and  in  white  ligl»t,  tlic  plate  will  snow  bright  colors, 
nhich  change  as  one  of  the  Nicole  or  tlie  plate  is  revolved. 

Exnmincd  in  converging  light,  similar  sections,  when  very  tlun,  show  in 
white  light  a  seiies  of  parallel  colored  bands. 

D^enaination  of  tke  indioas  nf  r^freu^ien  w  cmd  c. — Uoe  |HJain  wiU 
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Bnfflce  for  the  determination  of  both  indices  of  refraction,  and  its  edge  mtij 
be  either  parallel  or  perpendicular  to  the  vertical  axis. 

(a)  If  parallel  to  the  vertical  axis,  the  angle  of  minimum  deviation  for 
each  raj  in  succession  must  be  measured.  Tlic  cxtraordinarj  ray  vibrates 
parallel  to,  and  the  ordinary  ray  at  right  angles  to,  the  direction  oi  the  edge 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  in 
succession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  held  before 
the  observing  telescope  with  its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  the  ordinary  ray  will  be  extinguished  and  the  image  oi 
the  slit  observed  will  be  that  due  to  the  extraordniary  ray.  If  held  with  its 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  tlie  extraordinary 
i-ay  will  be  extinguished  and  the  other  alone  observed.  From  the  single 
observed  angle,  for  the  given  color,  the  index  of  refaction  can  be  calculated, 
€0  or  e,  by  the  formula  given  on  u.  128,  the  angle  of  the  prism  being  known. 

(h)  If  the  refracting  edge  or  the  prism  is  peipcndicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necessary,  only  in  this  case  tlie 
<>rdinai-y  ray  will  vibrate  parallel  to  the  prismatic  edge,  and  the  extraordi- 
nary ray  at  right  angles  to  it.  The  two  rays  ai'e  distinguished,  as  before,  by 
a  Nicol  prism. 

Deter minatvni  of  the  positive  or  negative  character  of  the  double  rffraG 
lion, — The  most  obvious  way  of  determining  the  character  of  the  double 
I'efraction  (co  >  6  or  oi  >  e)  is  to  measure  the  indices  of  refraction  in  accord- 
ance with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more  simple  method  of  accomplishing 
the  result* 

To  do  this,  use  may  be  made  of  a  very  simple  principle  : — the  -f  or  — 
character  of  a  given  crystal  is  determinea  by  observing  the  effect  produced 
Mrhen  an  axial  section  from  it  is  combined  in  the  polariscope  with  that  of  a 
crystal  of  known  character. 

For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
which  would  be  produced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  negative  crystal,  it  is  as  if  the  plate  were  made 
thicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  thickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  crowded  together;  but,  if  the  section 
is  made  thinner,  the  successive  rings  widen  out  and  become  less  numerous. 
One  or  the  other  of  these  effects  is  produced  by  the  use  of  the  intervening 
Bection. 

In  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
most  simple  is  that  suL'gested  by  Dove — the  use  of  an  axial  plate  of  mica  of 
a  <*^rtain  thickness.  The  section  required  is  a  cleavage  J>iece  of  such  a 
thictkness  that  the  two  rays  in  passing  through  suffer  a  difference  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendiculai 
to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  polariscope ;  the 
black  cross  and  the  concentric  colored  rings  are  of  coui*se  visible.  Let  now, 
while  the  giveu  secti<m  occupies  this  position,  the  mica  plate  be  placed  upon 
it,  with  the  plane  of  its  optic  axes  (determined  beforehand,  and  the  directioo 
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marked  by  a,  line  for  convenience)  making  an  an^le  of  45"  with  the  vibi» 
tion-planee  of  the  Nicola ;  the  black  ci-ose  disappoara  and  there  remain  onlj 
two  dingonally  situated  dark  epots  in  the  place  of  it.  Moreover,  the  colored 
curves  iu  the  two  qnadrante  with  these  spots  are  pushed  farther  away  from 
the  coutre  than  the  othei-e.  The  effect  produced  is  represented  in  f.  3D2 
wd  f.  393.     If  the  line  joining  these  two  dark  spots  stands  at  right  anglci 


to  the  axial  plane  of  the  mica,  the  crystal  is  positive  (f.  392),  if  this  luw 
ooiucides  with  the  axial  plane,  tfie  crjstal  is  negative  (f.  393).  The  explana- 
tion of  this  ( '"  ■«  not  BO  simple  as  to  allow  or  being  introduced  here;  the 
effect  of  the  •'■-.•  is  to  produce  circular  polarization  of  the  light  which  it 
transniite. 

With  both  nniazial  uid  biaiiftl  d^itale  th«  stodent  will  find  it  of  great  bmMuim  mlwm 
to  lune  at  bin  aide  a  good  Beotion  of  k  positivo  and  >  negatiTO  crfibU.  B;  oompuiikg  too 
phenomeDa  obeerved  in  the  sention  under  examination  with  those  ahowii  bj  oiTatals  of  known 
character,  be  will  often  be  uved  much  perplexity. 

For  the  investigation  of  the  absorption  phenomena  of  nniaxial  ciTBtali 
tee  p.  1 65. 

ClBCULAB    POLABIZATIOK. 

In  what  has  been  said  of  polarized  light,  in  the  preceding  pages,  it  hae 
been  assiiTued  that  a  polarized  ray  was  one  whose  vibrations  took  place  in 
a  single  plane,  eo  that  the  plane  of  polarization  at  right  angles  to  this  was  a 
fixed  plane.  Such  a  ray  is  said  to  ue  linearly  polarized.  There  are  some 
nniaxialciystftls,  however,  which  have  the  iK)wer  to  roto(e  the  plane  of  polari- 
zation ;  the  ray  is  said  to  be  cireularly  polarized.  Tliey  manifest  this  in  the 
phenomena  observed  when  an  axial  section  is  examined  in  the  polariscope. 

An  axial  section  of  a  uniaxial  crystal  norinally  exiiibits,  in  converging 
polarized  light,  a  black  cross  with  a  series  of  concentric  colored  circles, 
I,  3flO,  p.  140.  If,  however,  a  section  of  quartz  be  cut  perpendicniar  to  the 
axis  and  viewed  between  the  croEsed  Nicols,  the  phenomena  obBer\'ed  are 
different  from  tlese: — the  central  portion  of  the  black  cross  has  disap- 

Iieai-cd,  and  instead,  ttie  space  within  the  inner  ring  is  brilliantly  oolored. 
''urthermore,  when  the  analyzing  Nicol  is  revolved,  this  color  changes 
£i-oin  blue   Co  yellow  to  red,  and   it   is   found   that   in  some  oases  thii 
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change  is  produced  by  revolvmg  the  Nicol  to  the  rights  and  in  other  casea 
lo  the  left.  To  distinguish  between  these  the  fii-st  are  called  right-handed 
iMtating  crystals,  and  the  others  left-handed.  The  relations  here  involved 
will  be  better  understood  if  the  quartz  section  is  viewed  in  parallel  mono 
chromatic  light.  Under  these  circumstances  a  similar  plate  of  calcito 
appears  dark  when  the  Xicols  are  crossed,  but  with  quartz  the  maximum 
darkness  is  only  obtained  when  the  analyzer  has  been  revolved  beyond  iti?; 
first  position  a  certain  angle ;  this  angle  increasing  with  the  thickness  of 
the  section,  and  also  varying  with  the  color  of  the  light  tnuployed. 

For  a  section  1  mm.  thick  in  red  light,  a  rotation  of  the  analyzer  of  19® 
is  required  to  produce  the  maximum  darkness.  For  yellow  light  the 
rotation  is  24*^  with  a  plate  of  the  same  thickness ;  with  blue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  the  right,  with  othera 
to  the  left. 

The  explanation  of  these  facts  lies  in  the  fact  stated  above,  that  the 
quartz  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  lays  of  different  wave-lengths.  Furtheruiore,  tliis 
rotation  of  the  plane  of  vibration  results  fi-om  the  fact  that  in  quartz,  even 
in  the  direction  of  its  axis,  double  refraction  takes  place.  The  oscillations 
of  the  particles  of  ether  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  directions  for  the  two  rays,  ordinary  and  oxti*aor- 
dinary. 

An  axial  section  of  a  quartz  crystal  can  never  appear  dark  between 
crossed  Nicols  in  ordinary  light,  since  there  is  no  ponit  at  which  all  the 
coloi*8  are  extinguished  ;  on  the  contrary,  it  appears  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centi^es  of  the  rings  in  converging  p<:)larized  light.  If  sec- 
tions of  a  right-handed  and  left-handed  crysUil  are  placed  together  in  the 
polar iscope,  the  centre  of  the  interference  figure  is  occupied  with  a  four- 
rayed  spiial  curve,  called  from  the  discoverer  Airy's  spiral.  Twins  of 
quartz  crystals  are  not  uncommon,  consisting  of  the  combination  of  right- 
and  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  remarkable  fact,  discovered  by  Hei-schel,  that  the  right-  or  left- 
handed  optical  character  of  quartz  is  often  indicated  by  the  position  of  the 
ti-apezohedi-al  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appears  as  a  modification  of  the  prism,  to  the  right  above  and  left  below, 
the  crystal  is  optically  i^ight-luinddd  /  if  to  the  left  above  and  right  below, 
the  crystal  is  left-fnin/lS'L  In  f .  394  the  plane  is,  as  last  remarked,  left  above 
and  right  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Des  Cloizeaux  to  possess  the  same  property  as  quartz;  and  this  is 
true  also  of  some  artificial  salts,  also  solutions  of  sugar,  etc. 

In  twins  of  quartz,  the  component  parts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  of  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
be  of  one  kind  and  the  other  of  the  other.  Moreover,  successive  lavei*s  of 
de[K>sition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
thin^  are  sometimes  alternately  right-  and  left-handed,  showing  a  constant 
OBcillation  of  polarity  in  the  course  of  its  formation  ;  and,  when  this  is  the 
case,  and  the  layers  are  regular^  cross-sections,  examined  by  polarized  light, 
exliibit  a  division,  more  or  less  perfect,  into  sectors  of  120  ,  parallel  to  the 
plane    i^,  or  into  sectors  of  6u°.     If  the  layers  are  of  unequal  thickneea 
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there  are  broad  ai-eas  of  colors  without  sectors.    In  f.  395  (b;  Dee  OlraieMii, 
from  a  crystal  from  the  Dept  of  the  Aude),  half  of  each  sector  <^  60^  k 


right-handed,  aiid  the  other  half  left  (as  showa  by  the  arrows),  and  the  dark 
radii  are  neutral  bands  produced  bj  the  overlapping  of  layera  of  the  two 
kinds.  Tbeflo  overlapping  portions  often  exhibit  the  phenoinenoo  of  Airy't 
spiral 

0.  Biaxial  Cbtbtais. 

Oeneral  Optical  Ohar<u^e/f. 

As  in  the  crj-etalline  systems,  thus  far  considered,  so  also  in  the  anutniM- 
^Wesysteuie,  tiio  ortliorliombic,  inoiif'clinic,  and  triuliiiic,  tliere  is  a  strict  corre- 
spondence between  the  molecular  Rtriiuture, as  exhibited  in  the  geometrical 
form  of  the  crystals, and  their  optical  properties.  In  the  ci-ystals  of  these 
Bvsteins  there  is  no  longer  one  axis  around  about  which  the  elasticity  of  the 
iijlht-ether,  that  ia.  the  velocity  of  the  light,  is  everywhere  alike.  On  the 
<-'>iiti-ary,  the  relations  are  much  Icbb  eiinple,  and  less  easy  to  comprehend. 
Tliero  are  two  directions  in  which  the  light  passi-s  through  the  crystal 
without  double  refraction — these  are  called  the  optic  aises,  and  heuce  the 
ciyeials  are  biaxial — but  in  everv  other  direction  a  ray  of  light  is  separated 
into  two  rays,  polarized  at  right  angles  to 
each  other.  Neither  of  these  conforms  to 
tlie  law  of  simple  refraction.  The  subject 
was  first  developed  theoretically  by  Fresnel, 
and  his  conclusions  have  since  been  fully 
verified  by  experiment. 
-•A  Axiv  of  etoHlicify. — In  regard  to  iho 
elasticity  of  the  ether  in  a  biaxial  crystal 
there  are  (1)  a  maximum  value,  (2)  a 
mhiinium  value,  and  (3)  a  mean  value,  and 
these  values  in  the  crystal  are  found  in 
directions  at  right  angles  to  each  otlier. 
In  f.  396,  C'C  represents  the  axis  (t)  of  least  ehiaticity,  AA'  of  greatait 
elasticity  (a),  find  BB'  of  mean  elasticity  (b).     A  ray  passing  in  the  dine 
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Hoc  CG'  vibrates  in  a  piano  iit  right  angles,  that  is,  parallel  to  BB'  and 
A  A'.  Similarly  for  tbe  ray  BB'  the  vibi-atioiis  are  parallel  to  AA'  and 
CC\  and  for  the  ray  A^  parallel  to  B&  and  GC.  Between  these 
extreme  values  of  the  axes  of  elasticity,  the  eliiaticity  varies  according  to  a 
regular  law,  as  will  be  seen  in  the  following  diBciiBsion.  The  form  of  the 
wave-surface  for  a  biaxial  crystal  may  be  determined  by  fixing  its  form 
for  tbe  ptauea  of  the  ai^es  a,  b,  and  c. 

Wave-av/rface. — First  coiksider  the  cise  of  rays  in  the  plane  of  the  axcf 
BB'  and  CG'  (f.  397*.  A  ray  pass- 
ing in  the  direction  BB  is  separated 
into  two  sets  of  vibrations,  one  )niral- 
lel  to  AA\  corresponding  to  the 
greatest  elasticity,  moving  more 
nijiidlv  than  the  other  set,  parallel 
to  CO',  which  correspond  to  the 
least  elasticity.  The  velocities  oF  the 
two  sets  of  vibrations  are  made  pro- 
portional to  tlie  lengths  of  the  tines 
nin,  and  mo  respectively,  in  f.  397. 
Again,  for  a  my  in  the  same  iilane, 
parallel  to  CC,  the  vibrations  are 
(1)  parallel  to  AA,  and  nropagated 
faster  (greatest  elastieity)  than  the 
other  set;  (2)  parallel  to  BB'  (mean 
elasticity).  Again,  in  f.  397,  on  the 
line  6'6",  m»",  and  mj"  are  made 

tn-oportional  to  these  two  velocities ; 
icre  vin  =  m»",  and  for  a  ray  in  the 
same  plane  in  any  other  dii-ectiuu,  there  will  be  one  set  of  vibrations 
parallel  to  AA^,  with  the  same  velocity  as  before,  and  another  set  at  right 
angles  with  a  velocity  between  mo  and  mj",  determined  by  the  elli[)Ee 
whose  semi-axes  are  proportional  to  the 
mean  and  least  axes  of  elasticity.  ^8 

Fig.  397  then  represents  the  section  of 
the  wave-surface  through  the  axes  CG' 
and  BB'.  The  circle  nn"  shows  the 
constant  velocity  for  all  vibrations  par- 
allel to  AA!,  and  tlie  ellipse  the  variable 
values  of  the  velocity  fur  the  other  set  of 
vibrations  at  right  angles  to  the  tii-at. 

Again,  fur  a  ray  in  the  plane  AA', 
BB ,  the  method  of  the  consti-uction 
is  similar.  The  vibrations  will  in  every 
case  take  place  in  tlie  plane  at  right 
angles  to  the  direction  of  the  ray,  which 
plane  must  always  pass  through  the  axis 
GG'  of  least  elasticity,  lleuce  for  every 
direction  of  the  ray  in  the  plane  men- 
tioiied,  one  set  of  vibrations  will  always 
be  parallel  to  6'f.",  and  hence  be  pi-opagated  with  a  constant  pt^'.udty 
10 
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=  mo',  f .  398),  and  Lenue  this  is  expressed  by  tlie  cii-cle  oo'.  The  otlier  Ml 
Df  vibrations  will  be  at  right  angles  to  OC",  and  the  velocity  with  which 
thoy  are  propagated  will  vary  according  as  they  ai-e  pHi-allel  to  AA' 
(=  -n-n,  f.  39y),  or  parallel  to  liS'  {=  wi^ ),  or  some  iuterrnediato  valuo  fcw 
au  intermediate  position.  The  section  o±  the  wave-snrface  is  coiiset^ueiitly 
a  circle  within  an  ellipse. 

Finaliy,leL  the  ray  pass  iti  some  direction  inthe  plane  6'C",.£lj4',ofleafitaud 
givatest  elasticity,  the  section  of  the  wave  sui-faue  is  also  a  circle  and  ellipse. 
Suppose  the  ray  passes  in  the  direction 

fiarall^  to  AA',  the  vibrations  will  be 
1)  parallel  to  CC.  and  (2)  parallel  to 
£B',  those  (1)  parallel  to  6'6"  (lewst  axia 
of  elasticity)  are  propagated  more  slowly 
than  tliose  (2)  parallel  to  JJ^  (axis  of 
mean  elasticity).  In  f,  399,  on  the  line 
A  A',  lay  ofEmw'  and  my'  proportional  to 
these  two  vahies. 

Again,  for  a  ray  parallel  to  CC  the 

vibrations  will  take  place  (1)  parallel  to 

AA',  and  (2)  paiallel  to  BB',  the  former 

will  be  propagated  with  greater  velocity 

tlian  those  latter.     These  two  valnes  of 

tlie  velocity  in   the   direction    00'   are 

represented  by  mn"  and  mq"  (=  mq^ 

Yoi-  any  intermediate  position  of  the  my 

in  the  samo  plane  there  will  always  be 

ouc  set  of   vibrations  parallel    to  BS" 

=  mq",  t  399,  hence  the  circle).     The  other  set  at  right  angles  to  these 

will  he  propagated  with  a  velocity  va- 

*W  rying  according  to  the  direction,  from 

that  <!orref ponding  to  tlie   least  axis 

of  elasticity  (represented  by  mo',  f.  399), 

to  that  of  the  greatest  axis  of  elasticity 

{mn"). 

Optic  axes. — It  is  seen  that  the  cir 
cle,  representing  the  uniform  velocity 
of  vibmlions  jiarallol  to  b,  and  the 
ellipse  reproecnting  the  Aarying  value 
of  the  velocity  for  the  vibrations  st 
right  angles  to  these,  intersect  one  an- 
other at  P,  P',  f.  399.  The  obviona 
meaning  of  this  fa<;t  is  that,  for  the 
directions  viP,  and  tnP',  mabiiig 
equal  angles  with  the  axis  C0\  the 
velocity  is  tlio  same  for  both  sets  of 
vibrations;  these  aif  not  aeparated 
from  each  other,  the  ray  ia  not  cfoubfy 
refracted,  and  not  polarized. 
TIigbg  two  directions  are  called  the  omc  axes.  All  an>sonietric  ctystnll 
lave,  as  has  been  stated,  two  optic  axes,  and  ai'e  hence  calliid  hitunaH, 
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The  complete  wave-surface  of  a  biaxial  crystal  is  constrnoted  from  tht 
three  sections  given  in  f.  397,  398,  399.  It  is  shown  graphically  in  f.  400, 
where  the  lines  PP^  and  P  P'  are  the  two  optic  axes. 

Bhectrices,  or  Mean-lines. — As  shown  in  f .  399,  the  optic  axes  always  lie 
\n  tlie  plane  of  greatest  (a)  and  least  (c)  elasticity,  and  the  valne  of  the  optic 
axial  angle  is  known  when  the  axes  of  elasticity  are  given  as  stated  below. 
The  axis  of  elasticity  which,  as  the  line  C0\  f.  399,  bisects  the  acute  angle 
is  called  the  CLCute  hisect'tnx^  or  Ji7'8t  mean-lvne  (ei-ste  Mittellinie,  Genn.\  and 
that  bisecting  the  obtuse  angle,  the  obtuse  bisectrix^  or  second  fnean-lins 
(zweite  Mittellinie,  Gerrn,). 

Positive  and  negative  crystals. — When  the  acute  bisectrix  is  the  axis  of 
least  elasticity  (c),  it  is  said  to  be  positive^  and  when  it  is  the  axis  of  greatest 
(a)  elasticity,  it  is  said  to  be  negative.     Barite  is  positive,  mica  negative. 

Indices  of  refraction. — It  has  been  seen  that  in  uniaxial  crystals  there 
are  two  extreme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  inversely  proportional  to  them,  two  indices  of 
refraction.  ISimilarly  for  biaxial  crystals,  where  there  are  three  axes  of  elasti- 
city, there  are  three  indices  of  refraction — a  maximum  index  a,  a  minimum  7, 
and  a  mean  value  /8 ;  a  is  the  index  for  the  mys  propagated  at  right  angles 
to  a,  but  vibrating  parallel  to  a  ;  /8  is  the  index  for  rays  propagated  perpen- 
dicularly to  b,  by  vibrations  parallel  to  b ;  7  is  the  index  for  rays  propagated 

perpendicularly  to  c,  but  vibrating  parallel  to  c.     a  =  -,  y8  =  --,  7  =  -. 

0  b  c 

If  a,  ^,  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  V)  can  be 
calculated  from  them  by  the  following  formula: 


eo6  V 


Dispersion  of  the  optic  axes. — It  is  obvious  that  the  three  indices  ol 
refraction  may  nave  different  values  for  the  different  colors,  and  as  the  angle 
of  the  optic  axes,  as  explained  in  the  last  paragraph,  is  determined  by  these 
three  values,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variaticm  in  the  value  of  the  axial  angle  for  mys  of  different  wave 
lengths  is  called  the  dispersion  of  the  axes,  and  the  two  possible  cases  are 
distinguished  by  writing  p  >  v  when  the  angle  for  the  red  rays  (/>)  is  greater 
than  for  the  blue  (violet,  v),  and  p  <  v  when  the  i-evei-se  is  true. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  in 
details,  however,  they  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals. 

Interference  figures. — A  section  cut  perpendicular  to  either  axis  wiH 
show,  in  cfiiiverginff  polarized  light,  a  system  of  concentric  rays  analogous 
to  those  of  uniaxial  crystals,  f.  390,  but  more  or  less  ellipticaL  There  is, 
moreover,  no  black  cross,  but  a  single  black  line,  which  changes  its  positioD 
Bs  the  Nicole  are  revolved. 
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If  a  action  of  a  biaxial  ci-jBtal,  cut  perpendicularly  to  the  fint,  tfamt  U 
aciito,  bisectrix,  is  viewed  iii  the  polariBcopc,  a  different  phenoinenon  is 
observed. 

There  are  seen  in  this  case,  siippoeiii<r  the  plane  of  the  axcB  to  make  au  angle 
of  45°  with  the  planes  of  polarization  of  the  ci-ossed  Nicols,  two  black  hyper 
U'las,  marking  the  position  of  the  axes,  aseriesof  elliptical  ciirvea Burroimd- 
ing  the  two  centres  and  finally  uniting,  forming  a  Beries  of  leianiscstes. 
If  monochi-oniatie  light  is  employed,  the  rings  are  alternately  light  and 
dark;  if  white  light,  each  ring  shows  the  successive  colors  of  the  spectrum. 
If  one  of  the  Nicol  prisms  be  revolved,  the  dark  hyperbolic  brushes  gradu- 
ally become  white,  and  the  colors  of  the  rings  take  Uie  complementary  tints 
after  a  re\'olution  of  90°.  Since  the  black  hyperbolic  brushes  mark  the 
position  of  the  opiic  axes,  tlie  smaller  the  axial  angle  the  nearer  toother 
are  the  hyperbolas,  and  when   tlie  angle  is  very  smalt,  the  axial  fignte 


observed  closely  resembleB  the  simple  cross  of  a  uniaxial  crystal.  On  the 
other  hand,  when  the  axial  angle  is  laige  the  hypeibolas  ai'c  far  apart,  and 
may  even  be  so  far  apart  as  to  be  invisible  in  the  field  of  the  polariscope. 

When  the  plane  of  the  axes  coincides  with  the  plane  «it  vibration  foi 
eitlier  Nicol,  tliese  being  crossed,  an  unsymmetrical  black  cnies  is  observed, 
and  also  a  scries  of  elliptical  curves.  B()th  these  figures  are  well  exhibited ' 
on  the  fi-ontispiece;  the  one  gi-adually  changes  into  tlie  other  as  -tlw 
crystal -section  is  revolved  in  the  horizontal  piano,  the  Nicols  remaining 
stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
will  exliibit  the  same  figures  under  the  same  conditions  in  polarized  ligbt, 
when  the  angle  is  not  too  large.  This  is,  however,  generally  tlie  case,  and 
in  consequence  the  axes  suffer  tolal  rejection,  on  the  inner  surface  of  the 
eeutioa,  and  no  axial  figures  are  visible.     This  is  sometimee  the  case  alao 
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irith  a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large. 
A  micrometer  scale  in  the  polariscope,  f.  384,  allows  of  an  approximate 
measurement  of  the  axial  angle;  the  value  of  each  division  oi  the  scale 
beinff  known. 

Measurement  of  the  axial  avffle* — The  determination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  importance,  and  the  method  of  proce- 
dure offers  no  great  difficulties.  Fig.  401  shows  the  instrument  recom- 
mended for  this  purpose  by  DesCloizeaux ;  its  general  features  will  be 
understood  without  detailed  description ;  some  improvements  have  been 
introduced  by  Groth,  which  make  tlie  instrument  more  accurate  and  con- 
venient of  use.  Tiie  section  of  the  crystal,  cut  at  right  angles  to  the  bisec- 
trix, is  held  in  the  pincers  at  c,  with  the  plane  of  the  axes  horizontal^ 
making  an  angle  of  45°  with  the  plane  of  vibration  of  the  Nicols  (iOTJ. 
There  is  a  ci*oss-wirc  in  the  focus  of  the  eye-piece,  and  as  tlie  pincers  hola- 
ing  the  section  are  turned  by  the  screw  I^y  one  of  the  axes,  that  is  one  black 
hyperbola,  is  brought  in  coincidence  with 
the  vertical  cross-wire,  and  then,  oy  a 
further  revolution  of  I*]  the  second.  The 
Jingle  which  the  section  has  been  turned 
fi-oni  one  axis  to  the  second,  as  read  off 
at  the  vernier  H  on  the  gmdnated  circle 
above,  is  the  apparent  angle  for  the  axes 
of  the  given  crystal  as  seen  in  the  air 
{aca^  f.  402).  It  is  only  the  aj)j)arent 
angle,  for,  owing  to  the  refraction  suffered 
on  p:\.ssin2  h*om  the  section  of  the  crystal 
to  t\u)  air,  the  true  axial  angle  is  more  oi 
]tiS6  increased,  accordinir  to  the  refractive 
index  of  the  mven  crvstal. 

^j  ft 

This  being  undei-stood,  the  fact  already 
stated  is  readily  intelligible,  that  when  the  axial  angle  exceeds  a  certain 
limit,  the  axes  will  suffer  total  reflection  (p.  128),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oilf  or  some  other  medium  with  high 
refractive  power  is  made  use  of,  into  which  the  axes  pass  whnn  no  longer 
vjiih^e  in  the  air.  In  the  instrument  described  a  small  receptacle  holding 
♦he  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the  pincei-« 
li','!ding  the  <^ection  are  immersed  in  this,  and  the  angle  measured  as  before. 

Ii:  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practi- 
cable to  measure ;  but  sometimes,  especially  when  oil  is  mode  use  of,  the 
obtuse  angle  can  also  be  determined  irom  a  second  section  normal  to  the 
ubtuse  bisectrix. 

If      £  =  the  apparent  semi-axial  angle  in  air  (f.  402). 
j  11^  =  the  apparent  semi-acute  angle  in  oil. 
( I/„  =    ''         ''  *'     obtuse     "      '^    " 

Va  =  the  real  (or  interior)  semi-acute  angle  (f.  402). 

Vo  =     "     ''       •'         "         semi-obtuse    *'      (I  402). 

n     =  index  of  refraction  for  the  oil. 

fi    =  the  mean  refractive  index  for  the  given  crystallized  substance. 


! 


*  See  further  on  p.  180. 

f  Almond  oil,  which  has  been  decolorized  by  exposure  to  the  light,  is  commonly  employed. 
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rin  ^  =  n  sin  Jj;^ ;  sin  Fa  =  -5  sin  77. ;  sin  F^  =  -5  sin  JL,. 

P  P 

These  forninlas  give  the  true  interior  angle  from  the  measnrod  apj  ai*enl 
angle  when  the  mean  refractive  index  (/S)  is  known. 

if,  however,  it  is  possible  to  measure  both  the  acute  and  obtuse  ap])arent 
anglo^,  tlie  true  angle,  and  also  the  value  of  )9,  can  be  determined  from 
them.     For  sin  F^  =  cos  F.,  hence  : 


tan  F.  = 


sin  Hg  ^  p  __      sin  11^  __      sin  77^  __  sin  E 
sin  Ho  8in   F*  ~      cos  F.  "^  sin  F^  * 


In  measuring  this  angle,  if  white  light  is  employed,  the  colors  being 
separated,  the  position,  of  the  hyperbolas  is  a  little  uncertain;  hence  it  is 
always  important  to  measure  the  angle  for  monochromatic  light,  red  and 
yellow  and  blue  particularly.  This  is  especially  essential  where  the  disper- 
sion of  the  axes  is  considerable. 

Determination  of  the  imlia'S  of  refract  ion.* — The  values  of  the  three 
indices  of  refraction,  a,  /8,  7,  for  biaxial  crystal?,  may  be  determined  from 
three  prisms  cut  with  tlieir  refracting  edges  parallel  respectively  to  tlie 
three  axes  of  elasticity  a,  b,  and  c.  In  cacli  cu:?e,  after  the  angle  of  the 
prism  has  been  measured,  the  angle  of  minimum  deviation  must  be  ineaft- 
nred  for  that  one  of  the  two  refracted  rays  wliose  vibiations  are  parallel 
to  the  edge  of  the  prism  ;  the  formida  of  p.  128  is  then  employed. 

It  is  possible,  however,  to  obtain  the  values  of  a,  /8,  and  7  with  two 
prisms ;  ilf  this  case  one  of  the  prisms  must  bo  so  made  that  its  vertical  edge 
is  parallel  to  one  axis  of  elasticity,  while  the  line  bisecting  its  refracting 
angle  at  this  edge  is  parallel  to  a  second.  In  the  case  of  such  a  prism  the 
minimum  deviation  of  the  ray  is  obtained  for  both  rays,  that  having  its 
vibrations  parallel  to  the  prism-edge,  and  that  vibrating  at  right  angles  to 
this,  that  is  parallel  to  the  bisector  of  the  prismatic  angle. 

Of  tlie  three  indices  of  refraction,  /8  is  one  which  it  is  most  important  to 
determine,  since  by  means  of  it,  in  accordance  with  the  above  formulas, 
the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 
in  air.  The  prism  to  give  the  value  of  /8  should  obviously  have  its  refract 
ing  edge  pai-allel  to  the  mean  axis  of  elasticity  b,  that  is  at  right  angles  to 
tlie  plane  of  the  optic  axes. 

Di'terinination  of  the  positive  or  negative  character  of  biaxial  crystalu, 
— TJie  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
detei-inincd  from  the  values  of  the  indices  of  refraction,  where  these  can  be 
obtair.cd.  If  c,  the  axis  of  least  elasticity,  is  the  acute  bisectrix,  ihe  crystal 
is  oj)tically  2>ositice  y  if  a,  the  axis  of  greatest  elasticity,  is  the  acute  bisec- 
trix, the  crystal  is  optically  negative ,'  in  the  former  case  the  value  of  b  is 
nearer  that  of  c  than  of  a,  in  the  seeoi^d  case  the  reverse  of  this  is  true. 

There  is,  howevei',  a  more  simple  method  of  solving  the  problem,  as  was 
remarked  also  in  regard  to  uniaxial  crystals.     The  methods  are  similar. 

The  quarter-undulation  mica  plate  may  be  em])loyed  just  as  with  uniaxial 
crv'stals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial  diver- 
gence is  quite  small.     In  this  case  it  can  be  employed  to  advantage.  Iii6 

*  See  fu-ther  on  pp.  177  et  seq. 
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plane  of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with 
the  vibration-plane  of  one  of  the  Nicols.  The  more  general'  method  is  the 
employment  of  a  wedge-shaped  piece  of  quartz  ;  this  is  so  cut  that  one  sur- 
face coincides  with  the  direction  of  the  vertical  axis,  and  the  otlier  makes 
an  angle  of  4°  to  6°  with  it.  By  this  means  a  section  of  varying  thickness  is 
obtained.  The  section  to  be  examined  normal  to  the  acute  bisectrix  is 
brought  between  the  crossed  Nicols  of  the  polariscope  (f.  384),  and  with  its 
axial  plane  making  an  angle  of  45°  with  the  polarization-j)lane  of  the 
Nicol  prisms  ;  that  is,  so  tliat  the  black  hyperbolas  are  visible.  The  quartz 
wedge  is  now  introduced  slowly  between  the  section  examined  and  the 
analyzer;  in  the  instrument  figured  a  slit  above  gives  an  oj)portunity  to 
insert  it.  The  quartz  section  is  introduced  first,  in  a  direction  at  right 
angles  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 

Slate  investigated ;  and  second,  parallel  to  the  axial  plane,  that  is,  in  the 
irection  of  the  line  joining  the  hyperbolas.  In  one  direction  or  the  other 
it  will  be  seen,  when  the  proper  thickness  of  the  quartz  wedge  is  reached, 
that  the  central  rings  ai)pear  to  increase  in  diameter,  at  the  same  time 
advancing  from  the  centre  to  the  extremities. 

The  enect,  in  other  words,  is  that  which  would  have  been  produced  by 
the  thinniruj  of  the  given  section.  If  tiic  phenomenon  is  observed  in  the 
first  case  when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is 
to  the  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 
sign  to  the  quartz,  that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute 
bisectrix  positive.  If  the  mentioned  change  in  the  interference  figures 
takes  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
then  obviously  the  oi)posite  must  be  true  and  the  acute  bisectrix  is  negative. 

The  same  effect  may  be  obtained  by  bringing  an  ordinary  quartz  section 
of  greater  or  less  thickness,  cut  normal  to  tiie  axis,  between  the  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  fii-st  in  the  direction  of  the 
axial  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
with  the  quartz  wedge  can  be  applied  even  in  those  cases  wliere  the  axial 
angle  is  too  large  to  appear  in  the  air. 

For  the  investigation  of  the  absorption  jpJtenomena  of  biaxial  crystals 
ace  p.  165. 

DisTinociBniNQ  Optical  Ghabacters  of  OBTHORnoMBic  Crtstai^. 

In  the  Orthorhomhic  System^  in  accordance  with  the  symmetry  of  the 
crystallization,  the  three  axes  of  elasticity  coincide  with  the  three  crystallo- 
graphic  axes.  Further  than  this,  there  is  no  immediate  relation  between 
the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reas(m  that,  as  has  been 
stated,  the  clioice  of  the  crystallographic  axes  is  arbitniry,  and  has  been 
made,  in  most  rases,  without  reference  to  the  optical  character. 

Schrauf  has  proposed  that  the  crystallographic  vertical  axis  {c)  should  be 
always  made  to  c(»incidc  with  the  acute  bisectrix,  which  would  be  very 
desirable,  especially,  as  urged  by  him,  in  showing  the  tnie  relations  between 
the  orthorLombic  and  hexagonal  systems.  Ol  course,  this  suggestion  can 
be  carried  out  only  a\  those  sj)ecies  in  which  the  optical  character  is  known. 

Sclmiif  (Phjs.  Min.,  p.  302,  303)  haii  ■hown  then  is  a  dose  analogy  betwoeD  oertaLi 
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orthorhombio  orystals  whose  priiimatio  angle  is  near  120°  (compare  remarks  on  twing,  p.  M) 
and  the  crystals  of  the  hexagonal  system.  With  these  the  acute  bisectrix  is  uniformlj  pazftlld 
to  tlie  prismatic  edge,  and  normal  to  the  six-sided  basal  plane,  analogous  to  the  one  optic  axis  o( 
true  hexagonal  forms.  Moreover,  he  shows  that  the  nearer  the  prismatic  angle  approachei 
120*',  the  leRs  the  difference  between  the  three  axes  of  elasticity,  and  the  nearer  the  approacdi 
to  the  uniaxial  character. 

By  the  combination  of  thin  plates  of  a  biaxial  mica  optical  phenomena  may,  Tinder  some 
conditions,  be  observed  in  polarized  light  which  are  similar  to  thof^e  shown  by  uniaxial  ctys- 
tals.  Similarly  twins  of  chrysoberyl  (p.  97)  have  been  desoribcd  which  in  spots  gaye  the 
axial  image  of  uniaxial  crystals.  This  subject  has  been  investigated  by  Reusoh  (Pogg. 
exxxTJ.,  626,  637, 1869),  and  later  by  Cooke  (Am.  Acad.  Sci.,  Boston,  p,  35,  1874). 


Practical  Opticai  Investigation  of  Orthorhombic  Oryitali. 

Determination  of  t?ie  plane  of  the  optic  axes. — The  position  of  the 
three  axes  of  elasticity  in  an  orthorhombic  crystal  is  always  known,  since 
the}'  must  coincide  with  the  crystal lographic  axes  ;  but  the  plane  of  the  optic 
axes,  that  is,  of  the  axes  of  greatest  (a)  and  least  (c)  elasticity,  must  in  each 
ease  be  determined.  This  plane  will  be  parallel  to  one  of  the  three  diame- 
tral or  pinacoid  planes.  In  order  to  determine  in  which  the  axes  lie,  it  is 
necessary  to  cut  sections  parallel  to  these  three  directions  ;  one  of  these  three 
sections  will  in  all  ordinary  cases  show,  in  converging  polarized  light,  the 
interference  figures  peculiar  to  biaxial  crystals.  It  is  evident,  too,  that  two 
of  the  three  sections  named  determine  the  character  of  the  third,  so  tliat 
the  piano  of  the  optic  axes  and  the  position  of  the  acute  bisectrix  can  be  in 
practice  generally  told  from  them. 

Measurement  of  the  axial  angle,  p  "^  v, — From  the  section  showing  the 
axial  figures,  that  is,  normal  to  the  acnte  bisectrix,  the  axial  angle  can  be 
measured  in  the  manner  which  has  been  described  (p.  149).  If  it  is  prac- 
ticable to  determine  also  the  obtuse  axial  angle,  from  a  second  section  nor- 
mal to  the  obtuse  bisectrix,  it  will  be  possible  to  calculate  the  trne  axial 
angle  from  these  data,  and  also  the  mean  index  of  I'efraction  (5). 

There  is  further  to  be  determined  the  dispersion  of  the  axes.     Whether 

the  axial  angle  for  red  mys  is  gi-eatcr  or 
less  than  for  blue  {p  >  ^?,  or  p  <  v)  can  be 
seen  immediately  from  tlie  figure  of  the 
axes,  as  in  f.  la,  \b,  in  the  coi()i-ed  plate, 
(frontispiece).  It  is  obvionsly  true  in  this 
case,  from  f.  1^,  as  also  f.  IJ,  that  the  angle 
for  the  blue  rays  is  greater  than  that  for 
the  red  (p  <  r),  and  so  in  gcnei-al.  This 
same  point  is  also  accurately  detenxiined, 
of  course,  by  the  ni ensured  augle  for  the 
two  monocliromitic  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  anijle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  axes  is  symmetrical  with  refer- 
ence to  the  bisectrix.  In  f.  403,  the  dis- 
persion of  the  axes  is  illustrated,  where /o  <  v\  it  is  shown  also  that  the 
lines,  ^*  7i*  and  ^^,  bisect  the  angles  of  both  red  {pOp)  and  blue 
[vOv)  rays.     It  also  needs  no  further  explanation  that  for  a  ccitain  relatior 
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rf  the  refractive  indices  of  the  diflFerent  colors,  the  acute  bisectrix  of  the 
Mial  angle  for  red  rays  maj  be  the  obtuse  bisectrix  for  the  angle  for  blue 

Indices  of  refraction^  etc, — The  determination  of  the  indices  of  refrac- 
tion and  the  character  (-h  or  — )  of  the  acute  bisectrix  is  made  for  ortho- 
rtombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  150).  It  is 
merely  to  be  mentioned  that,  since  the  axes  of  elasticity  always  coincide 
'With  the  crystal lographic  axes,  it  will  happen  not  infrequently  that  crystals 
without  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  series, 
prisms  whose  ed^es  are  parallel  to  the  axes  of  elasticity,  and  consequently 
at  once  suitable  tor  the  determination  of  the  indices  of  refraction. 


DiSTiNGUiSHiNa  Optical  Ohabactebs  of  Mokoclinic  CRTSTALa 

Position  of  the  axes  of  elasticity. — In  crystals  belonging  to  the  monO' 
clinic  system  one  of  the  axes  of  elasticity  always  coincides  with  the  ortho- 
diagonal  axis  bj  and  the  other  two  lie  in  the  plane  of  symmetry  at  right 
angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corfesponding  to  these  three  positions  of  the  axes  of  elasticity,  there  may 
occur  three  kinds  of  dispersiim  of  these  axes,  or  di8j>e7'sion  of  the  bisectrices. 
This  dispersion  arises  from  the  fact  that,  while  the  jKwition  of  one  axis  of 
elasticity  is  always  fixed,  the  position  of  the  other  two  is  indeterminate  and 
for  the  same  crystal  may  be  different  for  the  different  colors,  so  that  the 
bisectrices  of  the  different  coloi^s  may  not  coincide. 

Disj}er8io?i  of  the  bisectrices, — 1.  The  bisectrices,  that  is,  the  axes  of 
greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 
metrv,  while  the  orthodiawnal  axis  b  coincides  with  b.  404 

The  optic  axes  here  suffer  a  dispei*sion  in  this  plane 
of  symmetry,  and,  as  already  stated,  they  do  not  lie 
Bvmmetrically  with  reference  to  the  acute  bisectrix, 
"this  is  illustrnted  in  f .  404,  where  JIM  is  the  bisec- 
trix for  the  angle,  vOv'j  and  BB  for  the  angle  pOp\ 
This  kind  of  dispei-sion  is  called  by  DesOloizeaux 
inclined  (dispersion  inclin^e}. 

2,  The  second  case  is  that  where  the  plane  of  the 
optic  axes  is  perpendicular  to  the  plane  of  synnnetry, 
and  the  acute  bisectrix  stands  at  right  angles  to  the 
orthodiagonal  axis  b.  In  other  words,  the  acute 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  symmetry.  In  this  case  also  dispei-sion 
of  the  axes  may  take  place,  and  in  this  way — the 

Elane  of  the  optic  axes  tor  all  the  colors  lies  parallel  to  the  orthodiagonal, 
ut  these  planes  may  have  different  inclinations  to  the  ve  "tical  axis.     This 
IB  called  horizontal  disi>ei*sion  by  DcsCloizeaux. 

3.  Still  again,  in  the  third  place,  the  plane  of  the  optic  axes  lies  perpen 
dicular  to  the  plane  of  symmetry ;   but  in  this  case  the  acute  bisectrix  is 
parallel  to  the  crystallographic  axis  J,  so  that  the  obtuse  bisectrix  and  axis 
of  mean  elasticitjr  lie  in  tne  plane  of  symmetry.     The  disperaicm  which 
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roBiilts  in  thfi  case  is  called  by  DesCloizeaux  crossed  (dispergton  tonniante. 
or  crois(5e). 

Dispersion  as  shown  in  the  interference  figures. — If  an  axial  sociioi) 
of  a  inoiiodinic  crystal  be  examined  in  converging  polarized  light,  the  kino 
of  dispersion  which  characterizes  it  will  be  indicated  by  the  nature  of  the 
interference  fifi^mes  observed  ;  the  three  cases  are  illnstrated  by  the  figuree 
UjK»n  tJie  frontispiece,  taken  from  DesCloizeaux.  (frontispieci). 

r  it^s.  \a,  15  represent  the  interference  figures  for  an  orthorhombic  crystal 
(nitre),  charactei-ized  by  the  symmetry  in  the  size  of  the  rings,  and  the 
distribution  of  the  colors.  Figs.  2a,  2b  (diopside),  3a,  35  (orthocTase),  4«,  4i 
(borax),  are  cxani])ies  of  the  corresponding  lignres  for  monocJinic  crystals, 
characterized  as  sncJi  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  the  aiTange- 
ment  of  the  colors. 

(1)  Iiidlned  dispersion, — Where  the  axes  are  not  symmetrically  situated 
with  referernre  to  the  acute  bisectrix.  The  relation  or  the  two  axial  iigui*e8 
ifi  illustrated  by  f.  405.     In  f.  2a,  25  this  kind  of  dispersion  is  indicated  by 


405 


407 


the  position  of  the  red  and  bine  at  tlie  centres  of  the  rings,  and  on  the 
bordera  of  the  hyperbolas,  compare  f.  la,  15  of  the  normal  figui'e,  where 
there  is  no  dispei-sion  of  the  bisectrices. 

(2)  Horizontal  dispersion^  where  the  planes  of  the  optic  axes  for  the 
different  coloi-s  make  different  angles  with  the  axis. — This  is  illustrated  by 
f.  406.  The  effect  upon  the  interference  figures  is  seen  in  f.  3a,  35  of  the 
plate,  by  comparing  the  colors  within  the  rings  (f.  3a),  and  on  the  borders 
of  the  hyperbolas  (f.  35),  with  f.  la,  15. 

(3)  Crossed  disperdon^  where  the  acute  bisectrix  coincides  with  the 
t^rystallographic  axis  5. — This  is  illustrated  in  f.  407,  and  the  interference 
Kgures  belonging  to  this  kind  of  diBi)ersion  are  seen  in  f.  4a,  45  of  the  plate, 
con]i>ared  as  before  with  la,  15,  and  with  the  other  figures. 


Practical  Optical  Inve$tigation  of  ManocUnic  Oryttak. 

Determination  of  the  jwsition  of  the  axes  of  elasticity^  that  isj  the  direct 
Cions  of  vihration.  Stauro^cope. — The  position  of  one  axis  of  elasticity  is 
alone  known,  since,  as  has  been  stated,  it  coincides  with  the  crystal lographic 
axis  5.  In  order  to  determine  the  position  of  the  other  axes  in  the  plane  of 
pymmetn,  where  they  necessarily  lie,  use  is  made  of  an  instrument,  first 
ni-opor.ed  by  von  Kobell,  called  the  Stauboscope.  The  principle  of  this 
mstrument  is  very  simple.  Suppose  that  the  two  Is  icols  in  the  polari 
scope  (f.  385)  have  their  planes  of  polarizaticm  crossed,  causing  the  maxi- 
rauuj  extinction  of  light.     Now,  if  a  section  of  any  biaxial  crystal  is  bix>agh( 


DIBTINOinBHINO  OPnCAL  0HABA0TEB8  OF  MONOGLUSIO  CBTSTAIB.        155 


408 


between  them,  obviously,  if  the  position  of  its  two  rectangular  axes  ol 
elasticity,  which  are  its  two  directions  of  vibration,  coincide  witli  those  of 
the  two  Nicols,  it  will  produce  no  change  in  appearance  :  the  field  of  the 
prilariscope,  which  was  dark  before,  remains  dark.  But  8upi>ose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  ii.  the  plane,  so  tliat  its 
two  rectangular  directions  of  vibration  do  not  coincide  witli  those  of  the 
Nicols,  the  field  is  no  longer  dark,  but  more  or  less  light.  The  reason  foi 
this  is,  that  the .  light  from  the  lower  Nicol  meeting  the  crystal  plate  is 
separated,  according  to  the  law  of  the  parallelogi-am  of  forces,  into  two  sets 
of  vibrations,  which  are  again  resolved  by  the  analyzing  Nicol,  and  only  one 
set  extinguished  by  it.  If,  however,  the  plate  be  gradually  changed  in  posi- 
tion, that  is,  revolved  horizontally,  until  its  vibration-directions  (axes  cl 
elasticity)  coincide  with  those  of  the  Nicols,  then,  as  at  fii-st,  the  light  is  ex- 
tinguished. If  the  angle  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  tlie  result  just  remarked,  that  will  be  the  angle  be- 
tween the  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibration-plane  of  the  Nicol. 

In  figure  408,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
directions  for  the  two  Nicols,  and  between  the  two 
prisms  suppose  a  section  of  a  monoclinic  crystal, 
ahcd^  to  be  placed  so  that  one  edge  of  a  known  crj  s- 
tallogniphic  plane  (eg.y  v-i)  coincides  with  one  of 
these  lines.  Tiie  field  of  the  microscope,  dark  before, 
since  the  prisms  were  crossed,  is  no  longer  so,  and 
l^econies  dark  again,  as  explained,  only  when  the 
crystal  is  revolved  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of 
the  Nicols,  which  is  indicated  by  the  maximum 
extinction  of  the  liffht.  The  crystal  has  then  the 
position  ab'cd\  The  angle  (f.  408),  which  it 
has  been  necessary  to  revolve  the  plate  to  obtain 
the  effect  described,  is  the  angle  \N*liich  one  of  the  axes  of  elasticity  in  the 
given  plate  makes  with  the  given  crystallographic  edge  i-L 

The  preceding  explanations  cover  everything  that  is  essential  in  the 
Stauroscope;  but  a  variety  of  improvements  have  been  introduced,  which 
practically  make  the  measurements  by  means  of  the  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  most  important  feature  is  the  point  where  the 
maximum  extinction  of  the  light  occui*s  ;  this,  however,  is  not  easy  for  the 
eye  to  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  (•hanfi:e 
produced  by  a  revolution  of  several  degrees  is  hardly  perceptible.  I'o 
overcome  this  difficulty,  von  Kobell  proposed  to  intnKluce  a  section  of  cal- 
cite  just  below  the  analyzer,  because  its  interference  figure  gives  a  i setter 
opiK^rtunity  to  judge  of  a  change  in  the  intensity  of  the  light.  A  still  better 
plan  is  to  introduce  a  comiH>sition  plate  of  calcite,  as  proposed  by  lirezina, 
giving  a  pc(;:iliar  interference  figure,  a  very  slight  change  in  whicii  destroys 
Its  synuurtry,  and  it  takes  its  normal  form  onlv  when  the  planes  of  p<jlariz» 
tion  of  the  two  Nicols  ai-c  exactly  at  right  angles.  Supposing  this  to  be  the 
case,  when  the  crystal  has  been  introduced  the  interference  figure  is  disturbed, 
it  returns  to  its  normal  appearance  orUy  when  the  crystal  has  been  revolved 
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to  the  point  where  the  vibration -directions  o£  the  Nicola  and  crystal  sectios 
exactly  coincide.* 

It.  will  be  observed  a^in,  that  it  is  essential  that  the  direction  of  tlie 
known  edge  of  tbc  crystal  should  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  Nicols.  This  condition,  in  tlie  case  of  small  cn'slala 
especially,  is  hard  to  fnlfil,  and  to  accomplish  it  most  eatisfactorily  6roth 
has  proposed  to  use  the  plate  shown  in  f.  409. 

The  plate  of  glass,  v,  held  in  its  present  position  by  the  spring,  has  one 

edge  polished,  which  adjoins  li,  ana  the  direction 

^^  of  this  is  made  to  coincide  exactly  with  the  line 

^--^^^^^IZ^^^^I^^  joining  the  opposite  zem  points  of  theeradna' 

■/S;^^^:^^\X         tion.     The  crystal  section  is  attached  to  this  plate 

///y^^  ~^nVvv\  "^^"^  *''®  ''"'®  ^^"  '"  *'  ^""^  ^'*''  *  plsne  of 
/ (iff  rrT;>^<r>^\\\  \  kflo wii  c rvBtall ograpW c  position,  either  0,  t4  or 
IaJsI  ["  1  ^IuE]  *  plane  "I  that  zone  or  a  coiTcsponding  edge, 
HH  SI  X--2  --A  1|  nn  coinciding  with  the  direction  of  the  polished  edge 
\A  \\\  '■ — - — ^  /////  ^^  *''®  plate.  Whether  this  coincidence  is  exact 
Xv^^^^^^^^/y  /     can  be  tested  by  the  refleetice  goniometer.     In 

\S^^^^^^y\/  order  to  eliminate  any  small  error,  Groth  pro- 
^v,-- — --^"^^  poses  to  measure  tlic  divergence  from  the  exact 

coincidence,  and  then  to  make  a  cori-espondiug 
correetion,  for  which  he  furnishes  a  series  of  tables. 

After  the  adjnBtnient  of  the  crystal  section  on  the  plate,  the  latter  is 
inserted  in  its  place,  tlie  wliolc  plate,  I,  &,  occupying  the  position  Indicated 
in  f.  385,  nnd  the  Nicole  so  adjusted  that  the  plane  of  vibration  of  one 
coincides  with  the  line  0°  to  180  .  The  angle  of  revolution  of  tlie  plate,  I, 
is  obtained  from  the  graduated  scale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  Nicols  alluded  to, 
but  tlie  ei-rtir  arising  wlien  the  vihration-plane  of  the Kicol  does  not  coincide 
with  tlie  line  0°  to  180°  is  easily  eliminated.  This  is  accojnplished  by  remov- 
ing the  plate  v,  and,  without  disturbing  the  cri'stal  section,  restoring  it  to 
its  place  in  an  inverted  position.  The  measured  angle,  if  before  too  great, 
will  now  be  as  much  tw>  small,  and  the  aritiimetical  mean  <if  the  two 
measurements  will  be  the  true  angle. 

Kefeience  further  may  be  made  to  Groth,  Pogg.  Ann.,  cxliv.,  34, 1871. 

Determination,  of  the  plane  of  the  optie  axes. — The  investigation  of  a 
tection  ot  a  uionoclinic  crystal  parallel  to  the  plane  of  symmetry  determines 
the  ])08ition  of  the  two  i-emaining  axes  of  elasticity,  but  it  does  not  fix  the 
i-clativc  position  of  the  greatest  and  least  axes  of  elasticity,  that  is,  the  plane 
of  the  optic  axes.  To  solve  the  latter  p<iint,  sections  normal  to  each  or  the 
tliree  axes  must  be  examined  in  converging  polarized  light,  and  one  of 
them  will  show  the  characteri8ti<!  interfei-eiice  figures.  The  section  parallel 
^  the  plane  of  symmetry  is  fii-st  to  be  examined,  and  if  it  does  not  diow 
the  axes  even  in  oil,  one  or  both  of  the  other  sections  sjKiken  of  innst  be 
eni])loycd. 

A-vml  aiiff/e,  dispersion,  etc. — The  method  of  measnring  the  axial  angle 
hns  been  ali-cady  explained,  and  if  this  is  dctonnined  for  the  different  colon 
it  will  detciniirie  the  disjwrsion  of  the  axCB/>  ^  v. 

The  dispci-sioii  of  the  axes  of  elasticity  has  been  shown  to  be  alwaj'a 
indicated  by  the  character  of  interfeieiice  tignres;  its  amount,  where  c^n- 

*  See  p.  180  for  a  description  ot  the  ColUeron  plate. 
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sidei*able,  may  be  determined  by  making  the  stauFoscopIc  measurements  Eoi 
different  colors. 

The  remaining  points  to  be  investigated,  the  indices  of  refraction,  and 
the  -f  or  —  character  of  the  crystal,  need  no  further  explanation  beyond 
that  which  has  been  given,  pp.  150, 151. 

DiarxNeuisniNG  Optical  Chabactebs  ov  TBiCLmic  Gbt8Tal& 

The  crystals  of  the  tricliuic  system  are  characterized  by  their  entire  viranl 
of  crystallographic  symmetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follows  from  this  that  there  is  no  necessary  connec- 
tion between  them  and  the  rectangular  axes  of  elasticity.  More  than  one  of 
the  three  kinds  of  dispei-sion  mentioned  on  p.  154  may  occur  in  a  single 
crystal,  and  the  interference  figures  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  optically  involves  great 
difficulty ;  in  general  a  series  of  successive  trials  ai*e  required  to  determine 
the  position  of  the  axes  of  elasticity.  When  these  are  found,  the  axial  sec- 
tions can  be  prepa]*ed  and  the  axial  angle  determined,  and  the  other  points 
settled  as  with  other  l)iaxial  crystals. 

Bffbct  op  Hbat  upon  the  Optical  Ohabactebs  of  Cbtstals. 

In  addition  to  the  ordinaiy  investigation  of  crystal-sections  in  tJie  polari- 
scope,  it  is  often  important  to  determine  the  influence  of  heat  upon  the 
optical  character  of  crystals.  The  axial  angle  may  be  measured  at  any 
requii'cd  temperature  by  the  use  of  a  metal  air-bath.  This  is  placed  at  C^ 
(f.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gas  burners ;  a  thermometer  inserted  in  the  bath 
makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
has  two  openings,  closed  with  glass  plates,  correspondincr  to  the  two  tubes 
carrying  the  lenses,  and  the  crystal-section,  held  as  usual  in  the  pincei'S,  is 
seen  through  these  glass  windows. 

The  conclusions  of  DesCloizeaux  (see  Literature)  as  to  the  influence  of 
heat  upon  the  optical  characters  of  crystals  are  as  follows : 

(1)  Uniaxial  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10'^ 
to  190°  C.  (2)  Hiaxial  crystals  of  the  orthorhombic  sj'stem  suffer  a  greater 
or  less  change  in  axial  angle.  '  (3)  JBiaxial  crystals  of  the  monoclinic  system 
suffer  a  change  in  axial  angle,  and  in  addition  also  in  the  plane  of  the  axes 
when  it  is  not  the  plane  of  symmetry.  Triclinic  crystals  also  show  a  little 
change  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergence  is  furnished  by 
gvpsum.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
(^-^) ;  at  80°  C.  they  unite  in  a  line  making  an  angle  of  37°  28'  with  a  normal 
to  O ;  and  with  an  increased  temperature  they  again  separate  in  a  plane 
perpendicular  to  i-i.  DesCloizeaux  found  that  the  feldspai-s,  when  heated 
up  to  a  certain  point,  suffer  a  change  in  the  position  of  the  axes,  and  if  the 
heat  becomes  greater  and  is  long  continued,  they  do  not  return  again  to  their 
original  position,  but  remain  altered.     Weiss*  has  made  use  of  this  principle 

^  Imx  Kmmtniw  der  FeldspathbildoDg ;  Haarlem  Soo.  Yerhandl.,  zxr.,  1800. 
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to  determine  at  what  temperatnre  certain  foldspathic  rocks  wci-e  formed 
Tliis  constant  change  of  axial  angle  upon  heating  is  true  also  of  brookite, 
zoisite,  and  other  minerals.  The  investigations  of  PfaflF  show  that  the  opti- 
cal properties  of  some  uniaxial  crystals  also  are  affected  by  heating,  though 
to  no  great  extent.     Pogg.,  cxxiii.,  179,  cxxiv.,  448,  etc. 


Anomalies  Exhibitsd  bt  bomb  Obtbtalb  in  thbeb  Optical  Phbnombha* 

There  are  a  considerable  number  of  crystals  of  the  three  classes,  whidi, 
from  a  variety  of  causes,  exhibit  irregularities  in  their  optical  characters ; 
some  of  the  more  important  cases  are  mentioned  here. 

iHOvietric  crystals, — Boracite,  and  also  senarmontite,  sometimes  exhibit 
interference  figures  resembling  closely  those  of  biaxial  crystals.  In  the 
case  of  boracite  this  is  explained  by  DesCloizeaux  as  due  to  the  presence 
of  enclosed  crystals  of  parasite  formed  by  alteration.  Perofskite  is  also 
strongly  doubly  refracting,  and  in  polarized  light  appears  to  be  biaxial, 
although,  as  shown  by  Kokscharow,  it  is  isometric  in  crystallographic  rela- 
tions. The  irregularities  are  supi)osed  by  him  to  be  caused  by  the  want  of 
homogeneity  in  the  internal  structure  of  the  crystals. 

The  properties  of  double  refraction  possessed  by  some  substances,  crj'Stal- 
lized  and  non-crystallized,  which  are  normally  isotrope,  are  explained  by 
Biot  to  be  due  to  lamellar  polarization.  This  is  analogous  to  the  produc- 
tion oi  polarized  light  by  means  of  a  series  of  thin  plates  (see  p.  132). 
Alum  crystals  have  often  the  lamellar  structure,  which  causes  these  pheno- 
mena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomalous  optical  characters;  but  the  most  accurate  crystal- 
lographic determination  has  referred  both  species  to  the  tetragonal  system. 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic 
crystals  to  polarize  light ;  Schrauf  has  described  a  uniaxial  diamond,  and 
it  was  long  since  shovvn  by  Brewster  that  some  diamonds  give  evidence  in. 
polarized  light  of  compression  about  interior  cavities. 

dniaxiat  crystals. — A  want  of  homogeneity  in  the  crystals,  as  shown  by 
DesCloizeaux,  may  cause  uniaxial  crystals  to  exhibit  in  polarized  light  a 
variety  of  abnormal  phenomena.  In  some  cases  the  axial  figures  resemble 
those  of  biaxial  crystals,  the  cross  in  the  middle  of  the  field  (f.  390)  not 
being  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other. 
Beryl,  zircon,  vesuviaiiite,  and  apatite  are  examples.  That  such  crystals 
ai^e  nevertheless  uniaxial  is  proved  by  the  fact  that  the  opening  of  the  crosa 
is  independent  of  the  position  of  the  rs  icols,  and  is  not  altei'ed  if  the  section 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  the  section 
is  heated  (p.  157)  the  distance  between  the  liyberbolas  is  altered,  it  is  a 
proof  that  the  irregularity  is  not  due  to  lamellar  polarization,  but  that  the 
two  indices  of  refraction  are  not  exactly  equal,  and  consequently  that  the 
crystal  is  not  strictly  uniaxial.  In  such  cases  a  i-evision  of  the  crystallo- 
granhical  elements  is  desirable. 

Ihe  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  exhibiting 


*  For  a  discussion  of  this  subject  in  the  light  of  recent  (1882)  investigations,  see  pp. 
185  et  seq. 
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a  series  of  rings  alternately  dark  violet,  and  yellow.  The  explanation  is 
fuimd  in  the  fact  previously  stated,  that  it  is  positive  for  i-ed  rays,  u^ative 
for  blue,  and  does  not  doubly  refract  yellow  liglit. 

Among  biaxial  cryshtJ^it  irregularities  in  the  optical  phenomena  are  often 
observed.  Tliev  are  due  in  part  to  want  of  homogeneity,  in  part  to  twin 
structui-e,  and  also  to  <»ther  ciiuses.  In  brpokite  the  planes  of  the  axes  for 
red  and  blue  ravs  ai-e  at  ri^ht  annrles  to  each  other,  and  hence  the  axial 
nmires  vaiT  much  from  those  normallv  observed  ;  in  titanite  the  axial  anule 
f«.»r  the  two  coloi-s  is  widelv  different,  and  this  also  irives  rise  to  an  axial 
titrure  of  abnormal  appearance. 

Irregular  structure,  due  to  twinnino^,  is  a  frequent  cause  of  peculiar  opti- 
cal ]>henomena ;  crystals,  in  external  form  apparently  simple,  often  show 
themselves  to  be  made  up  of  iri*egnlar  banded  layers  in  twinned  position, 
when  examined  in  polarized  light ;  this  is  true  of  many  minerals. 

In  some  crystals,  as  occasionally  in  the  epidote  froni  the  Untersulzbach- 
thal  in  the  Tyrol,  the  biaxial  figures  may  l>e  observed  immediately,  without 
the  use  of  the  polariscope.  This  is  due  to  the  complex  twinned  structure 
of  the  crystal,  a  thin  lamella  in  reverse  position  being  enclosed  in  the 
interior,  so  that  the  parts  of  the  crystal  on  either  side  act  as  polarizer  and 
analvzer. 


ProdiBal  Suggestions  mi  regard  to  the  Preparation  and  use  of  Crfstal  Sections  mads  fir 

Optical  Examination. 

The  most  important  task  is  the  preparation  of  a  plate  for  examination  in  the  Staorofloope, 
or  for  the  observation  of  the  axial  interference-figures.  In  this  we  are  often  assisted  by  the 
cleavage,  which  sometimes  makes  it  possible  to  obtain  the  require  i  section  without  the  labor 
of  catting  it.  This  is  coospicaooslj  the  cise  with  mica ;  also  with  to|)az  and  anhydrite,  and 
other  minerals.  Sometimes  the  natural  surfaces  need  to  be  made  smooth  and  polished. 
Furthermore  natural  crystals  sometimes  occur  in  a  tabular  form,  thin  and  transparent  enough 
to  answer  the  purpose ;  this  is  true  of  the  crystals  of  wulfenite  from  Utah.  In  most  cases, 
however,  the  section  must  be  actually  cut.  The  means  required  in  such  cases  vary  with  the 
hardness  of  the  mineral  under  examination.  For  the  hardest  minerals  diamond  powder  is 
made  use  of  in  grinding;  it  is  employed  after  the  manner  of  the  lapidary.  (It  may  be  men- 
tioned here  that  the  investigator  will  generally  find  it  for  his  interests,  both  as  regards  time, 
money,  and  accuracy  of  results,  to  employ  a  lapidary  to  do  this  work  for  him. )  The  diamond 
powder  is  applied  to  a  thin  wheel  of  soft  iron  or  copper,  rotating  on  a  lathe. 

For  minerals  which  are  not  so  extremely  hard,  gooid  emery  may  be  used  instead  of  diamond 
powder.  It  is  merely  necessary  to  apply  the  emery  and  water  to  the  edge  of  the  wheel  as  it 
revolves,  the  mineral  being  held  firmly  against.  A  neater  and  more  advantageous  method, 
where  the  amount  of  material  is  small,  is  the  use  of  a  fine  saw,  or  better  wire,  mounted  in  a 
frame,  and  used  with  either  diamond  powder  or  emery  moistened  with  water  or  oil.  The 
crystal  may  be  mounted  in  wax  or  otherwise,  if  very  smaU  ;  sometimes  a  holder  made  of  cork 
>•  convenient. 

The  direction  in  which  the  slice  is  to  be  cut  is  of  the  highest  importance,  and  can  often  be 
inoicated  at  fin^  by  a  scratch  across  a  plane  of  a  crystaL  In  many  cases  it  is  more  simple  to 
grind  OQ  a  surface  in  the  proper  direction,  and  this  can  be  easily  accomplished  by  holding  the 
orystal  against  a  fine-grained  emery  wheel  rotating  on  a  lathe.  It  can  be  held  either  in  the 
fingers,  or  cemented  to  a  small  piece  of  glass,  for  instance  with  Canada  balsam. 

Another  way,  more  simple  as  demanding  no  instruments,  is  to  nuike  use  of  a  flat  pieoe  of 
place  glass,  not  too  small,  on  which  the  crystal  is  ground  with  moistened  emery,  being  care* 
fnllj  moved  about  with  the  hand.  In  some  cases  a  file,  or  even  a  knife,  m<^  be  used,  where 
the  mineral  in  hand  is  soft. 

Whatever  method  of  grinding  is  adopted,  it  is  neoessaiy  to  exercise  great  care  to  bring  the 
artificial  surface  into  exactly  the  proper  direotion.  This  can  be  determined  only  as  its  incUna 
lioos  to  exiating  crystalline  planes,  or  oleavage  eoifaoes,  are  measured,  and  practioaay  it  it 
(tf ten  to  stop  the  rork  and  test  what  has  been  done.    The  parallel  inteiMcliooi 
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will  often  show  the  degree  of  correctness  in  the  work.  For  purposes  of  measuzement  it  if 
necessary  to  polish  the  artificial  plane,  or  instead,  a  small  piece  of  thin  glass  may  be  oement«)d 
on  where  the  crystal  is  too  small  for  the  use  of  the  hand-goniometer.  It  is  of  course  nece88az7 
to  know,  before  starting,  the  angle  which  the  new  plane  will  make  with  the  natural  planes 
which  are  already  present.  When  one  plane  in  the  required  direction  has  been  obtained,  il 
is  a  comparatively  simple  process  to  obtain  a  second  parallel  to  it,  though  care  must  be  exer- 
cised to  attain  accuracy. 

Tlio  roquired  section  having  been  cut,  it  remains  only  to  polish  the  surfaces.  The  means 
required  diifcr  so  widely,  according  to  the  hardness  of  the  mineral,  that  no  fixed  role  caii  be 
giveu.  The  most  commonly  used  polishing  powder  is  the  English  red,  or  colcothar,  which 
may  be  used  on  the  plate  of  gla^s,  or  leather  surface,  or  on  a  revolving  wheel  covered  with  a 
soft  cloth.  In  other  cases  oxide  of  tin  or  fine  chalk  is  used  ;  and  again  the  simple  plate  of 
ground  ploss  will  answer  the  purpose  without  the  use  of  any  other  means.  As  a  rule,  the 
hardest  minerals  take  the  polish  most  readily.  Sometimes  the  only  method  practicable  is  to 
use  small  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
without  polish,  though  errors  are  easily  introduced  by  this  means  when  sufficient  care  is  not 
exercised. 

The  preparation  of  prisms  for  the  measurement  of  the  indices  of  refraction  is  practioally 
much  more  difficult  than  that  of  a  simple  section,  but  in  general  the  methods  are  the  same. 

It  is  often  advisable  to  examine  a  mineral  microscopicaUy  when  a  slice  in  a  particular  direc- 
tion is  not  needed.  In  such  cases  use  can  be  made  of  the  methods  employed  in  making  rock 
slices.  A  revolving  wheel  of  soft  iron,  vertical  or  horizontal,  is  employed,  on  the  lateral  sur- 
face of  which  the  substance  is  ground  with  the  use  of  emery  moistened  with  water.  A  thin 
slice,  or  thin  fragment  broken  off,  is  taken  to  commence  with.  First  one  surface  is  g^und 
smooth  and  poliHhed.  The  piece  is  then  cemented  to  a  little  plate  of  thick  glass  with  balsam, 
and  the  other  side  ground  down  parallel  to  the  first,  the  grinding  being  continued  until  the 
required  degree  of  transparency  is  obtained.  Obviously  when  the  section  becomes  thin  and 
fragile,  the  coarse  emory  must  be  replaced  with  fine,  and  a  considerable  degree  of  oare  exer- 
cised. The  section  obtained  is  generally  removed  to  another  slip  of  glass  and  mounted  with 
balsam  under  a  thin  glass  cover. 

Tlie  microscopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  import> 
ance,  aside  from  optical  investigations.  Every  chemical  analysis  should  be  preceded  by  sudi 
an  examination  to  test  the  purity  of  the  material  in  hand.  Where  a  transparent  section  can- 
not  be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  tiMce  to 
decide  the  same  poiut. 

The  valuable  investigations  of  Vogelsang,  Fischer,  Rosenbusch,  and  others,  referred  to  on 
pp.  108  to  111,  show  how  many  minerals,  which  at  first  glance  seem  perfectdy  pure,  are  found 
to  enclose  impurities  considerable  in  variety  and  amount. 
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DIAPHANEITY;    COLOR;    LUSTRE. 

Tbore  are  certain  characteristics  belonging  to  all  minerals  alike,  cryBtnl- 
Uzed  and  non-crystallized,  in  tlieir  relation  to  light.     These  are : 

1.  Diaphaneity;  depending  on  the  power  of  transmitting  light. 

2.  Color;  depending  on  tlie  kind  or  light  reflected  or  transmitted. 

3.  Lustrk;  depending  on  the  power  and  manner  of  reflecting  light. 


1.   DlAPHANBirY. 

The  amount  of  light  transmitted  by  a  solid  varies  in  intensity,  or,  in  othei 
words,  of  tlie  light  received  more  or  less  may  be  absorbed,  Tlie  amount 
of  absorption  is  a  minimum  in  a  perfectly  transparent  solid,  as  ice,  while  it 
is  greatest  in  one  wliich  is  opaque,  as  iron.  The  following  terms  arc  adopted 
to  express  the  different  degrees  in  the  power  of  transmitting  light : 

Transj>arent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Suhtranspareyit^  or  sevii-triinsparent :  when  objects  are  seen,  but  tlio 
outlines  are  not  distinct. 

Tramlucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Svhtranslucent :  when  merely  the  edges  transmit  light  or  are  trans- 
lucent 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.    This  is 

f)roperly  only  a  relative  term,  since  no  substance  fails  to  transmit  some 
ight,  ir  made  sufticiently  thin.  Magnetite  is  translucent  in  the  Pennsbury 
mica.  The  recent  researches  of  Prof.  A.  W.  Wright  have  shown  tliat  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  deposited 
again  on  the  sides  of  the  surrounding  glass  tube.  The  layers  thus  lormed 
are  perfectly  continuous,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appears  green,  and  that  of  silver  a 
beautiful  blue. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 

degree  from  nearly  perfect  opacity  to  a  perfect  transparency,  and  many 

minerals  present,  in  tneir  numerous  varieties,  nearly  all  tlie  different  shades. 

The  absorption  of  light  in  its  relation  to  the  axes  of  elasticity  is  spoken 

of  on  p.  165. 

2.  Color. 

Cause  of  color. — The  color  of  a  substance  depends  upon  its  power  of 
absorbing  certain  portions  of  the  light,  that  is,  certain  rays  of  the  spec  trum ; 
a  yellow  mineral,  tor  instance,  absorbs  ail  the  rays  of  the  spectrum  with  I  he 
exception  of  the  yellow.  In  general  the  color  which  the  eye  perceives  ia 
the  result  of  the  mixture  of  tliuse  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  two  classes :  (1)  those  whose  color  is  essential  and 
belongs  to  the  finest  particles  mechanicallv  made ;  (2)  those  whose  color  \s 
non-essential  and  in  the  flne  powder  is  different  from  what  it  is  in  the  maas 
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Streak. — It  is  obvious  fi*om  these  distinctions  that  thi  color  of  the 
powder,  or  the  streaky  as  it  is  called,  is  often  a  very  important  quality 
in  distinguishing  minerals.  The  streak  is  obtained  by  scratcliing  tlie  sur- 
face of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  toi^  hard,  by 
robbing  it  on  an  unpolished  porcelain  surface. 

To  tJie  first  class,  mentioned  above,  belong  the  metals,  and  many 
metallic  minerals ;  for  instance,  the  streak  of  the  black  manganese  oxides  is 
black ;  that  of  hematite,  which  is  red  by  transmitted  light,  is  red,  and  so 
on.  To  the  second  class  belong  the  silicates,  and  in  fact  the  lai^  part 
of  all  minerals.  With  them  the  color  is  often  quite  unessential,  being  gen- 
erally due  to  small  admixtures  of  some  metallic  oxide,  to  some  carbon  com- 
pound, or  some  foreign  substance  in  a  finely  divided  state.  Most  of  theee 
nave  a  white  or  light-colored  streak.  For  example,  the  sti^eak  of  blacky 
greeny  red^  and  blue  tourmaline  varies  little  from  white. 


Vakietibs  or  Oolob. 

The  following  eight  colors  have  been  selected  as  fundamental,  to  facilitate 
the  employment  of  this  character  in  the  description  of  minerals :  white^ 
grayj  blacky  blue^  green^  yeUoWy  redy  and  brovm. 


a.  Metallic  Colors. 

1.  Copper-red:  native  copper. — 2.  Brome-yellow  :  pyrrhotite. — 3.  Brass- 
yellow :  chalcopyrite. — 4.  Oold-yeUow, — 5.  Silver-white :  native  silver,  less 
distinct  in  arscnopy rite. — 6.  Tiiv-white:  mercury,  cobaltite. — 1 ,  Lead-gray : 
galenite,  molybdenite. — 8.  Steel-gray :  nearly  the  color  of  fine-grained 
steel  on  a  recent  fracture ;  native  platinum,  and  palladium. 


b.  Non-metallic  Colors. 

A.  WnrrB,  1.  Snow-white:  Carrara  marble. — 2.  lieddish-white :  some 
varieties  of  calcite  and  quartz. — 3.  YeV^wish-white  :  some  varieties  of  cal- 
cite  and  quartz. — 4.  Orayish  white :  some  varieties  of  calcite  and  quartz. 
— 5.  Greenish-white:  talc. — 6.  Milk-white:  white,  slightly  bluish;  some 
chalcedony. 

B.  Gray.  1.  BluUh-gray :  gray,  inclining  to  a  dirty  blue  color. — 2. 
Pearl-gray :  gray,  mixed  with  red  and  blue  ;  cerargyrite. — 3.  Smoke-gray  : 
|iray,  with  some  brown  ;  Hint. — 4.  Greenish-grav :  gray,  with  some  ^reen; 
cat's  eye,  some  varieties  of  talc. — 5.  Yellowish-gray :  some  varieties  of 
compact  limestone. — (i.  Ash-gray :  the  purest  gray  color ;  zoisite. 

C.  Black.    1.    Orayinh-hlack :    black,   mixed   with  gray   (without  any 

frccn,  bix)wn,  or  blue  tints) ;  basalt,  Lvdian  stone. — 2.    vdvet-Mack:  pure 
lack;  obsidian,  black  tourmaline. — 3.  GreenislMack :  augite. — 4    Brown 
ish-black  :  brown  coal,  lignite. — 5.  BlaishA)hick :  black  cobalt 

D.  Blue.  1.  BlackisMlue :  dark  varieties  of  azurite. — 2.  Azure-blue : 
a  clear  shade  of  bright  blue ;  pale  varieties  of  azurite,  bright  vftrieties  ol 
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lazTiIitc. — 3.  Violet-blue:  blue,  mixed  with  red;  amethyst,  fluoritij. — 4 
JLacender-bUie :  blue  with  some  red  and  much  gray. — 5.  J^russianrblue^ 
or  Berlin  blue:  pure  blue  ;  sapphire,  cyan ite. — 6.  Smalt-dlue :  some  varie- 
ties of  gypsum. — 7.  Indigo-bltce  :  blue  with  black  and  green  ;  blue  tourma- 
line.— 8.  Sky-bliie:  pale  blue  with  a  little  green;  it  is  called  raountain 
bine  by  painters. 

E.  6reen.  1.  VerdigHs-green :  green  inclining  to  blue ;  some  feldspar 
(amazon-stone). — Celandine-green:  green  with  blue  and  gray  ;  some  varie- 
ties of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  the  celandine  (Cheli- 
donium  majus). — 3.  Mountain-green  :  green  with  much  blue ;  beryl. — 4. 
Leek  green :  green  with  some  brown ;  the  color  of  leaves  of  garlic ;  difr 
tinctly  seen  in  prase,  a  variety  of  quartz. — 5.  Emerald-green :  pure  deep 
green  ;  emerald. — 6.  Apple-green  :  light  green  with  some  yellow  ;  chryso- 
prase. — 7.  Grass-green :  bright  green  with  more  yellow  ;  green  diallage. — 
8.  Pistachio-green  :  yellowish  green  with  some  brown  ;  epidote. — 9.  Aspa- 
ragus-green :  pale  green  with  much  yellow ;  asparagus  stone  (apatite). — 
10.  Blackish-green:  serpentine. — 11.  Olive-green:  dark  green  with  much 
brown  and  yellow ;  chrysolite. — 12.  Oil-greea :  the  color  of  olive  oil ; 
beryl,  pitchstone. — 13.  Siskin-green :  light  green,  much  inclining  to  yellow; 
uranite. 

F.  Yellow.  1.  S'ulphur-yelUno :  sulphur. — 2.  Straw-yellow:  pale  yel- 
low; topaz. — 3.  Wax-yellow:  grayish  yellow  •with  some  brown;  blende, 
opal. — 4^.  Honey-yellow  :  yellow  with  some  red  and  brown ;  calcite. — 5. 
Lemon-yeUow  :  sulphur,  orpiment. — 6.  Ochre-yelloio  :  yellow  with  brown ; 
yellow  ochre. — 7.  Wine-yellow :  topaz  and  fluorite. — 8.  Cream-yellow: 
some  varieties  of  lithomarge. — 9.   Orange-yellow :  orpiment. 

G.  Red.  1.  Anrorarrea:  red  with  much  yellow;  some  realgar. — 2. 
Hyacinth-red:  red  with  yellow  and  some  l)rown  ;  hyacinth  garnet. — 3. 
Brick-red:  polyhalite,  some  jasper. — 4:.  Scarlet-red:  bright  red  with  a 
tinge  of  yellow ;  cinnabar. — 5.  Blood-red:  dark  red  with  some  yellow ; 
pyrope. — 6.  Flesh-red:  feldspar. — 7.  Carmine-red:  pure  red;  ruby  sap- 
phire.— 8.  Rose-red:  rose  quartz. — 9.  Crimson-red:  ruby. — 10.  Peach- 
blossom-red:  red  with  white  and  gmy;  lepidolite. — 11.  Columbine-red: 
deep  red  with  some  blue;  garnet. — 12.  C/ierry-red :  dark  red  with  some 
1  lue  and  brown :  spinel,  some  jasper. — 13.  Brownish-red:  jasper,  limon ite. 

H.  Brown.  1.  Reddish-brown:  garnet, zircon. — 2.  Clov&irown :  hvosyw 
with  red  and  some  blue ;  axinite. — 3.  Hair-brown:  w<K)d  opal. — 4.  Broc- 
coli-brown :  brown,  with  blue,  red,  and  gray  ;  zircon. — 5.  C/iestmct-brown : 
pure  brown. — 6.  Yellowish-^rown :  jasper. — 7.  Pinchbeck-brown  :  yellow- 
ish-brown, with  a  metallic  or  metallic-pearly  lustre;  several  varieties  of 
talc,  bi-oiizite. — 8.  Wood-brown:  color  of  old  wood  nearly  i-otten  ;  some 
specimens  of  asbestus. — 9.  Liver-brown :  brown,  witli  some  gray  and  greei ; 
ja?per. — 10.  BUvdkish-hrown  ;  bituminous  coal,  brewn  coal. 

c.  Peculiarities  i/n  the  Arrangement  of  Colors. 

Play  of  Colors. — An  appearance  of  several  prismatic  colors  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to 
the  diamond ;  it  is  also  observed  in  precious  opal,  and  is  most  brilliant  bj 
candle-light 
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Cha^tye  of  Colors. — Each  particular  color  appears  to  pervade  a  lami 
space  than  in  the  play  of  coloi-s,  and  the  succession  produced  by  tni  ning  uie 
mineral  is  less  rapid;  Ex.  labradorite. 

Opalescence. — A  milky  or  pearly  reflection  from  the  interior  of  a  speci- 
men.    Observed  in  some  opal,  and  in  cat's  eye. 

Iridescence. — Presenting  prismatic  colors  in  the  interior  of  a  crystaL 
The  phenomena  of  the  play  of  colors,  iridescence,  etc.,  are  sometimes  to  be 
explained  by  the  presence  of  minute  foreign  crystals,  in  parallel  positions ; 
more  generally,  however,  they  are  caused  by  the  presence  of  fine  cleavage 
lamellae,  in  the  light  reflected  ivom  which  interference  takes  place,  analogous 
to  the  well-known  Newton's  rings. 

Tarnish. — A  metallic  surface  is  tarnished,  when  its  color  diflFers  fronr 
that  obtained  by  fracture  ;  Ex.  bornite.  A  surface  possesses  the  steel  tar* 
nish^  when  it  presents  the  superficial  blue  color  or  tempered  steel ;  Ex. 
columbite.  The  tarnish  is  irised^  when  it  exhibits  fixed  prisniatic  colors  ; 
Ex.  hematite  of  Elba.  These  tarnish  and  iris  colors  of  minerals  are  owing 
to  a  thin  surface  film,  proceeding  from  different  sources,  either  from  a 
change  in  the  surface  of  the  mineral,  or  forei<jn  incrustation ;  hydrated  iron 
oxide,  usually  formed  from  ])yrite,  is  one  of  Uie  most  common  sources  of  it, 
and  produces  the  colors  on  anthracite  and  hematite. 

Aste^'i^m. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directioiis  in  some  minerals  by  reflected  or  transmitted 
light.  This  is  seen  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also 
well  shown  in  mica  from  South  Burgess,  Canada.  In  the  former  case  it 
has  been  attributed  by  Volger  to  a  repeated  lamellar  twinning ;  in  the 
other  case,  by  Rose,  to  the  presence  of  minute  inclosed  crystals,  which  are 
a  uniaxial  mica,  according  to  DesCloizeaux.  Crystalline  planes,  which 
have  been  artificially  etched,  also  sometimes  exhibit  asterism.  In  general 
the  phenomenon  is  explained  by  Schrauf  as  caused  by  the  interference  of 
the  ligbt,  due  to  fine  stiiations  or  some  other  cause. 

(Upon  the  above  subjects,  see  Literature,  p.  167.) 

PnOSPnORESCENCE, 

Plios])horescence,*  or  the  emission  of  light  by  minerals,  mav  be  produced 
in  different  ways:  hy  friction ,,  by  heat,  or  by  exposure  to  ligKt. 

By  friction. — Light  is  readily  evolved  from  quartz  or  white  sugar  by 
the  friction  of  one  piece  against  another,  and  merely  the  rapid  motion  of  a 
feather  will  elicit  it  from  Fonie  speciniens  of  sphalerite.  Fnction,  however, 
evolves  light  from  a  few  only  of  the  mineral  species. 

By  heat. — Fluorite  is  highly  phoS|jhorcscent  at  the  temperature  of  300°  F. 
Different  varieties  give  ofl^  light  of  different  colors  ;  the  crdorophane  variety, 
an  emerald-green  light ;  othei-s  purple,  blue,  and  reddish  tints.  This  phos- 
phorescence may  be  ob^^erved  in  a  dark  place,  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  Some  varieties  of  white  limestone  oi 
marble  emit  a  yellow  light. 

•  Tbis  subject  has  been  investigated  by  Dectfuerd^  Ann.  Ch.  Phys.,  IIL,  !▼.,  5-110,  1860; 
Faster,  Mitth.  nat  Ges.  Bern,  1807,  63;  and  Hahn^  Zeitsch.  Ges.  nat.  Wisa.  Berliu,  U.. 
bu,  1,1U1,  1874. 
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By  the  applioalian  of  heat,  minerals  lose  their  phosphorescent  properties.  Bnt  on  passir^^ 
electricity  through  the  calcined  mineral,  a  more  or  leas  vivid  ii^ht  is  produced  at  the  time  ol 
the  discharge,  and  sahsequentlj  the  specimen  when  heated  will  often  emit  light  as  before. 
The  lighii  is  nsuallj  of  tiie  same  color  as  previous  to  calcinacion,  but  occasionally  is  quite 
dififerent.  It  is  in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of  fluorite  it  may 
be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has  also  been  found  that  some  vane- 
des  of  fluorite  and  some  specimens  of  diamond,  caldte,  and  apatite,  which  are  not  naturally 
phosphorescent,  may  be  rendered  so  by  means  of  electricity.  Electricity  will  also  increase 
the  natural  intensity  of  the  phosphorescent  light. 

Liffht  of  the  sun, — Tlie  only  substance  in  which  an  exposui*e  to  the  light 
of  the  sun  produces  very  apparent  phosphorescence  is  the  diamond,  and 
some  specimens  seem  to  be  aestitute  of  this  power.  This  property  is  most 
striking  after  exposure  to  the  blue  rays  of  the  spectrum,  while  in  the  red 
rays  it  is  rapidly  lost 


fleochboisic 

DichroUm^  Trichroism. — In  addition  to  the  general  phenomena  of  color, 
which  belons:  to  all  minerals  alike,  some  of  those  which  are  crvstallized 
show  different  colors  under  certain  circumstances.  This  is  due  to  the  fact 
that  in  them  the  absorption  of  parts  of  the  spectrum  takes  place  unequally 
in  different  directions,  and  hence  their-  color  by  transmitted  light  depends 
upon  the  direction  in  which  they  are  viewed.  This  phenomenon  is  called 
in  jreneral  pleochroisni. 

in  uniaxial  crystals  it  has  been  seen  that,  in  consequence  of  their  crystal- 
lographic  symmetry,  there  are  two  distinct  values  for  the  velocity  of  light 
transmitted  by  tliem,  according  as  the  vibrations  take  fifice, parallel  or  at 
ri(//U  angles  to  the  vertical  axis.  Similarly  the  crystal  may  exert  different 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  dii-ections.  For 
example,  a  transparent  crystal  of  zircon  looked  through  in  the  direction  of 
the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in  a  lateral  direc- 
tion the  color  is  asparagus-green.  This  is  because  the  rays  (extraordinary) 
vibi-ating  parallel  to  the  axis  are  absorbed  with  the  exception  of  those 
which  together  give  the  green  color,  and  those  vibrating  laterally  (ordinary) 
ai-e  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis  c,  is  absorbed, 
while  light-colored  varieties,  looked  through  latemlly,  are  transparent,  for 
the  extraordinary  ray,  vibrating  parallel  to  c,  is  not  absorbed ;  the  color 
differs  in  different  varieties.  Thus,  all  uniaxial  crystals  may  be  dichroic^ 
or  have  two  distinct  axial  colore. 

Similarly  all  biaxial  crystals  may  be  trichroio.  For  the  rays  vibrating  in 
the  directions  of  the  three  axes  of  elasticity  may  be  differently  absorbed. 
For  diasjK)re  tlie  three  axial  colors  are  azure-blue,  wine-yellow,  and  violet- 
blue.  It  will  be  underetood  that,  while  these  three  different  colore  are  pos- 
sible, tney  may  not  exist ;  or  only  two  may  be  prominent,  so  that  a  biaxial 
mineral  may  be  called  dichroic. 

In  order  to  investigate  the  absorption-properties  of  any  uniaxial  or  biaxial 
crystal,  it  is  evident  that  sections  must  be  obtained  which  are  parallel  to  the 

11     . 
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several  axes  of  elaeticitr.  Suppose  that  f.  410  reprceentB  a  rectangular  solid 
with  its  sides  parallel  to  the  three  axes  of  elaetioity  of 
a  biaxial  crystal.  In  an  orthorliombic  crystal  the  face* 
are  those  of  the  three  diametral  planes  or  piiiacoids ' 
ill  a  iiionoeliiiiw  erystal  one  side  coincides  with  the  clino. 
pinacoitl,  the  others  are  to  he  determined  for  each 
&])ccies.  The  light  ti-anemitted  by  this  solid  is  oxainined 
by  means  of  a  single  Nicul  pnein.  Suppose,  first,  that 
the  light  transmitted  by  the  pai-alleloptped  (f.  410)  in 
the  direction  of  the  vertical  axis  is  to  be  examined. 
Wlieii  the  shorter  diagonal  of  the  Nicol  coiucidcs  with 
the  direction  of  the  axis  b,  tike  color  observed  belong)) 
to  that  ray  vibrating  parallel  to  this  direction  ;  when  it  coincides  with  the- 
axis  a,  tlie  color  foi'  tJie  ray  with  vibrations  paiallcl  to  a  is  observed.  In 
tiie  same  way  the  Nicol  sepai-atcs  the  different  ct>lored  rays  vibrating 
pai-allel  to  c  and  a  respectively,  when  the  light  passes  through  in  the  direc 
tion  of  b. 

So  also  finally  when  the  section  is  looked  through  in  the  direction  of  the 
axis  a,  the  coloi«  &ir  tiie  rays  vibrating  parallel  to  b  and  t,  respectively,  are 
obtained.  It  is  evident  that  the  examuiatiou  in  two  of  the  directions  named 
will  give  tlie  tliree  possible  coloi-s. 

For  epidote,  according  to  Klein,  the  colors  for  the  thi-ce  axial  direetiona 


^^ 

TlbmtioDS  parallel  to  b,  brown  (absorbed). 

a    Tibratioua  parollel  to  i,  gfreen. 


Vibrations  parallel  to  t,  green. 


b,  blown  (absorbed). 

The  colors  observed  by  the  eye  alone  are  the  resultants  of  the  double  set 
ot  vibrations,  in  which  the  stronger  color  pi-edornhiates  ;  thus,  in  the'alxive 
example,  the  plane,  normal  t»>  c  is  bi-own,  to  b,  yellowish-green,  to  a,  green. 
In  any  other  direction  in  the  crystal,  the  apparent  color  is  the  i-esuft  of  ;t 
mixture  of  those  corresponding  to  the  three  dii'ections  of  vibrations  in  differ- 
ent propoi'tions.  Dichroite  is  a  striking  example  of  the  phenomenon  of 
jleochroism. 

An  instrument  called  a  dichroscfme  has  been  contrived  by  Haidinger  for 
examining  this  property  of  crystals.  An  oblong  rhornbohcdron  of  Ice- 
land spar  has  a  glass  prism  of  18°  cemented  to  each  extremity.     It  is  placed 


lu  a  metallic  cylindrical,  case,  as  in  the  figure,  having  a  convex  lens  at  one 
end,  and  a  square  hole  at  the  other.  On  liKtking  thiwigh  it,  the  sauare  hole 
appears  double;  one  image  belongs  to  the  ordinary  and  the  otiicr  lo  the 
ex traoi binary  ray.  When  a  plcocliroic  crystal  is  examined  with  it,  by  tran* 
inlttcd  light,  on  revolving  it,  the  two  squares,  at  intervals  of  90^  in  the  reio 
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lotion,  have  different  colors,  correspoDdiiig  to  the  direction  of  the  vibration! 
of  the  ordinary  and  extraordiuary  ray  in  calcite.  Since  the  two  images  am 
situated  side  by  side,  a  very  slignt  difference  of  color  is  perceptible. 


LrrsBATUBs.— Plbochboibm,  Astekism,  etc. 
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3.  LuSTBE. 

The  lustre  of  minerals  varies  with  tJie  nature  of  their  surfaces.  A  varia- 
tion in  the  quantity  of  light  reflected,  produces  different  degrees  of  intensity 
of  lustre;  a  variation  in  the  nature  of  the  reflei:ting  surface  produceci 
diffei-ent  kinds  of  lustre. 

A,  The  kimh  of  lustre  recognized  are  as  follows : 

1.  Metallic  :  the  lustre  of  metals.  Imperfect  metallic  lustre  is  expressed 
bv  the  term  siifMuetaUic, 

2.  Adamantine:  the  lustre  of  the  diamond.  When  also  sub-metallic,  it 
is  termed  inetaUio-adaTfiantine.    Ex.  cerussite,  pyrargyrite. 

3.  Vitreous:  the  lusti*e  of  broken  glass.  An  imperfectly  vitreous  lustre 
is  termed  sub-vitreous.  The  viti*eous  and  sub- vitreous  lustres  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent degree ;  calcite,  often  the  latter. 

\.  Resinous:  lustre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

5.  Pearly :  like  pearl.  Ex.  talc,  brucite,  stilbite,  etc.  Wlien  united  with 
eub-metallic.  as  in  hypej-sthenite,  the  term  metaUic-pearly  is  used. 

G.  Silky :  like  silk ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous 
calcite,  fibrous  gypsum. 

B.  The  degrees  of  intensity  are  denomuiated  as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  c^assiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well  defined. 
Ex.  celestite. 

3.  GUstening :  affording  a  general  reflection  fi*om  the  surface,  but  no 
image.     Ex.  talc,  chalcopyrite. 

4.  Glimmerirtg :  affonling  imperfect  i-eflection,  and  apparently  from 
points  over  the  surface.     Ex.  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  wiien  there  is  a  total  absence  of  lustre.  Ex. 
chalk«  the  ochres,  kaolin 
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Tlio  true  differeuce  between  metallic  and  vitreous  lustre  is  due  to  tht 
effect  which  the  different  surfaces  have  upon  the  reflected  light ;  in  general, 
the  lustre  is  produced  by  the  union  of  two  simultaneous  impressions  made 
upon  the  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined 
by  n  Nicol  prism  (or  the  dichroscope  of  Haidinger),  i\  will  be  found  that 
both  rays,  that  vibrating  in  the  plane  of  incidence  and  that  whose  vibm- 
tions  are  normal  to  it,  are  alike,  each  having  the  color  of  the  material,  only 
differing  a  little  in  brilliancy  ;  on  the  contrary,  of  the  light  reflected  by  a 
vitreous  substance,  those  rays  whose  vibrations  are  at  right  angles  to  the 
plane  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those 
whose  vibrations  are  in  this  plane,  having  penetrated  somewhat  into  the 
medium  and  suffered  some  absorption,  show  the  color  of  the  substance 
itself.  A  plate  of  red  glass  thus  examined  will  show  a  colorless  and  a  red 
image.     Adamantine  lustre  occupies  a  position  between  the  others. 

The  different  degprees  and  kinds  of  lostre  are  often  exhibited  differently  by  unlike  faces  ox 
the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral  faces  of  a  right  sqnare 
prism  may  thas  differ  from  a  terminal,  and  in  the  right  rectangular  prism  the  lateral  faces 
also  may  differ  from  one  another.  For  example,  the  basal  plane  of  apopliyllite  has  a  pearly 
lustre  wanting  in  the  prismatic  planes.  The  surface  of  a  cleavage  plane  in  foUated  minerals, 
very  commonly  differs  in  lastre  from  the  sides,  and  in  some  cases  the  latter  are  vitreons, 
while  the  former  is  pearly.  As  shown  by  Haidinger,  only  the  vitreous,  adamantine,  and 
metallic  lustres  belong  to  faces  perfectly  smooth  and  pure.  In  the  first,  the  index  of  refrac- 
tion of  the  mineral  is  1  '3 — 1  '8  ;  in  the  second,  1*9 — 2 '5 ;  in  the  third,  about  2*5.  The  pearly 
lustre  is  a  result  of  reflection  from  numberless  lamellsB  or  lines  within  a  translucent  mineral, 
as  long  since  observed  by  Breithaupt. 

IV.  HEAT. 

The  expansion  of  crystallized  minerals  by  heat  depends,  as  directly 
their  optical  properties,  on  the  symmetry  oi  their  molecular  structure 
shown  ill  their  crystalline  form.    I'he  same  three  classes  as  before  are  dis- 
tinguished : 

A,  iHometriG  crystals,  where  the  expansion  is  in  all  directions  alike. 

B.  Isodiametric  crystals,  of  the  tetragonal  and  hexagonal  systems.  Ex- 
pansion vertically  unlike  that  laterally,  but  in  all  lateral  directions  alike. 

0,  Anisometric,  of  tlie  orthorhombic,  monoclinic,  and  triclinic  systems. 
Expansicm  unlike  in  the  three  axial  directions.  The  expansion  by  heat  in 
the  case  of  crystals  may  serve  to  alter  the  angles  of  the  form,  but  it  has 
been  shown  that  the  zone  relations  and  the  crystalline  system  remain  con- 
Btant. 

Mitscherlich  found  that  in  oalcite  there  was  a  diminution  of  8'  37'  in  the  angle  of  the 
rhombohedron,  on  passing  from  82°  to  212°  F.,  the  form  thus  approaching  that  of  a  cube,  as 
the  temperature  increased.  Dolomite,  in  the  same  range  of  temperature,  diminishes  4'  46*: 
and  in  aragonite,  between  63^  and  212**  F.,  the  angle  of  the  prism  diminishes  2'  46",  and 
\'i  :  1-i  increases  5'  30';  in  gypsum,  /:  i-i  is  increased  5'  24*,  /:  1,  4'  12',  and  l-»  :  i-»is 
diminished  7  24'.  In  some  rhombohedrons,  as  of  calcite,  the  vertical  axis  is  lengthened 
(and  the  lateral  shortened),  while  in  others,  like  quartz,  the  reverse  is  true.  The  yaiiation 
is  such  either  way  that  the  double  refraction  is  diminished  with  the  increase  of  heat ;  fof 
calcite  possesses  negative  double  refraction,  and  quartz,  positive. 

The  conductive  power  of  a  crystal  depends,  as  does  expansion,  on  the 
symmetry  of  its  crystalline  form ;  this  is  also  true  of  its  power  of  trans- 
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mitting  or  absorbing  heat  It  follows,  moreover,  from  the  analogooB  nature 
of  heat  and  light,  that  heat  rays  are  polarized  by  reflection,  and  by  transmission 
in  anisotrope  media,  in  the  same  way  as  the  rays  of  light  These  subjects, 
considered  solely  in  their  relation  to  Mineralogy,  are  of  minor  importance ; 
they  belong  to  works  on  Physics,  and  reference  may  be  made  to  those 
whose  titles  are  given  in  the  introduction,  as  also  to  the  works  of  Schrauf 
and  Groth. 

The  change  in  the  optical  properties  of  crystals  produced  by  heat  has 
already  been  noticed  (p.  151). 


V.  ELECTRICITY— MAGNETISM. 

The  electric  and  magnetic  characters  of  crystals,  as  their  relations  to  heat, 
liear  but  slightly  upon  the  science  of  mineralogy,  although  of  high  interest 
to  the  student  of  physics. 

Frictional  eleotricity. — The  development  of  electricity  by  friction  is  a 
familiar  fact.  All  minerals  become  electric  by  friction,  although  the 
degree  to  which  this  is  manifested  depends  upon  their  conducting  or  non- 
conducting power.  There  is  no  line  of  distinction  among  minerals,  divid- 
ing them  iwio positively  electric  and  negatively  electric;  for  both  kinds  of 
electricity  may  be  presented  by  different  varieties  of  the  same  species,  and 
by  the  same  variety  in  diflferent  states.  The  gems  are  positively  electric 
only  when  polished  ;  the  diamond  alone  among  them  exhibits  positive  elec- 
tricity whether  polished  or  not  The  time  of  retaining  electric  excitement 
is  widely  dififei-ent  in  diflferent  species,  and  topaz  is  remarkable  for  continn- 
inff  excited  many  hours. 

I^ressnre  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
are  examples. 

Pyro-dectriciiy, — A  decided  change  of  temperature,  through  heat  oi 
w^ld,  develops  electricity  in  a  large  number  of  minerals,  which  are  hence 
iidXXe^  pyro-electric.  This  property  is  most  decided,  and  was  first  observed 
in  a  series  of  minerals  which  are  liemimoi-phic  or  hemihedral  in  their 
devfi^opment  The  electricity  in  these  minerals  is  of  opposite  character  in 
the  parts  dissimilarly  modified.  Thus  in  tourmaline  and  calauiine,  the 
crystals  of  which  are  often  differently  modified  at  the  two  extremities,  posi- 
tive and  negative  electricity  are  developed  at  these  extremities  or  poLea 
respectively.  When  the  extremity  becomes  positive  on  heating  it  has  been 
called  the  aiudog^ie  pole,  and  when  it  becomes  negative,  it  has  been  called 
the  antdogv^.  The  names  were  given  by  Hose  and  Riess,  who  investigated 
these  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
tliat  is,  cooling,  tlie  reverse  electrical  effect  is  observed. 

Boracite,  on  whose  crystals  the  -h  and  —  tetrahedrons  often  occur,  shows 
by  heating  the  positive  electricity  for  the  faces  of  one  tetrahedron  and  the 
negative  for  those  of  the  otlier. 

Further  investigations  by  Ilankel  and  others  (see  Literature)  have  ex- 
tended the  subject  and  shown  that  the  phenomena  of  pyro-electricity  belong 
to  the  crvstals  of  a  large  number  of  species.  Moreover,  it  is  not,  as  cnce 
supposed,  essentially  connected  with  hemihedral  development  The  num- 
ber of  poles,  too,  may  be  more  than  two,  that  is,  the  points  at  which  poai 
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tivc  and  negative  electricity  is  developed.  Thus  for  prehuite  there  18  a 
large  series  of  such  poles,  distrihuted  over  the  surface  of  a  crystal,  lie 
investigations  of  Hankel  have  shown  in  general,  that  in  crystals  not  hemi- 
liedi-ally  developed,  the  same  electricity  is  developed  at  both  extremities  of 
ilie  same  axis,  and  the  distinction  between  i)08itive  and  negative  electricity 
is  only  shown  by  reference  to  the  different  crystal logj*aphic  axes;  on  syni- 
niotrically  formed  crystals  of  the  isodiametric  class  the  electricity  is  the 
same  in  ail  lateral  directions,  that  is,  on  all  prismatic  planes,  while  di£Fcreni 
at  the  extremities  of  the  vertical  axis. 

Thermo-electricity, — ^When  two  different  metals  are  brought  into  con- 
tact, a  stream  of  electricity  passes  from  one  to  the  other.  If  one  is  heated 
the  effect  is  more  decided  and  is  sufficient  to  deflect  moi-e  or  less  vigoix)uglY 
the  needle  of  a  galvanoi;ieter.  According  to  the  direction  of  the  current 
produced  by  the  different  metallic  substances,  they  are  arranged  in  a 
thermo-electrical  scries;  the  extremes  are  occupied  by  antimony  (+)  and 
bismuth  (— ),  the  electrical  stream  passing  from  bismuth  to  antimony. 

This  subject  is  so  far  impoii;ant  for  mineralogy,  as  it  was  shown  by 
Bunsen  that  the  natural  metallic  sulphides  stand  further  off  in  the  series 
than  antimony  and  bismuth,  and  consequently  by  them  a  stronger  stream 
is  produced.  The  theiino-electrical  relations  of  a  large  immber  of  minei*ale 
was  determined  by  Flight  (Ann.  Ch.  Pharm.,  cxxxvi.). 

It  was  early  obsej-ved  that  some  minerals  have  varieties  which  are  both 
-i-  and  — .  This  fact  was  made  use  of  by  Rose  to  show  a  relation  between 
the  plus  and  ihiims  hemihedral  varieties  of  pyrite  and  cobaltite.  The  latei 
investigations  of  Schrauf  and  Dana  have  shown,  however,  that  the  same 
peculiarity  belongs  also  to  glaucodot,  tetradymite,  skutterudite,  danaito,  and 
other  minerals,  and  it  is  demonstrated  by  them  that  it  cannot  be  dependent 
upon  crystalline  form,  but,  on  the  contrary,  upon  chemical  composition. 

Magnetism. — The  magnetic  properties  of  cjystals  are  theoretically  of 
interest,  since  they,  too,  like  the  optical  and  thermic,  are  directly  dependent 
upon  the  form  ;  hence,  with  relation  to  magnetism  they  group  themsclve** 
into  the  same  three  classes  befoie  lef erred  to. 

All  substances  are  divided  into  two  classes,  the  parairuu/netio  and  dia- 
iiuiyneticj  according  as  they  are  attracted  or  i-epelled  by  the  poles  of  a  mag 
net.  For  purposes  of  experiment  the  substance  in  question,  in  the  form  of 
a  rod,  is  suspended  between  the  poles  of  the  magnet,  being  movable  on  a 
h(»rizontal  axis.  If  of  the  first  class,  it  will  take  a  position  parallel^  and  if 
of  the  second  class,  transverse,  to  the  magnetic  axis. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  jclative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experi- 
ment has  shown  that  in  isometric  crystals  the  magnetisn)  is  alike  in  all 
directions  ;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetism ;  in  biaxial  crystals,  tliat 
ihere  are  three  unequal  axes  of  magnetism,  the  position  of  which  may  be 
determined. 

A  few  minerals  have  the  power  of  exerting  a  sensible  influence  upon  the 
magnetic  needle,  and  are  hence  said  to  be  magnetic.  This  is  true  of  mag- 
netite and  }>yrrhotite  (magnetic  pyrites)  in  particular,  also  of  franklin ito, 
alman'dite,  and  other  minerals,  containing  considerable  iron  protoxide  (FeO). 
When  such  minerals  in  one  part  attract  and  in  another  repel  the  poles  oi 
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the  magnet,  tbey  are  said  to  jaooaess  polarity.    This  is  true  of  the  variety  of 
magnetite  called  in  popular  language  loadstone. 

L  IT  EBAT  URK.  — ELBOTBICrr  Y.  * 
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VL  TASTE  AND  ODOR. 

* 

In  their  action  upon  the  senses  a  few  minerals  possess  iaatey  and  othen 
under  some  circumstances  give  off  odor. 

Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reterence  are  as  follows : 

1.  Astringent ;  the  taste  of  vitrioL 

2.  Swectiah  untringent ;  taste  of  alum. 

3.  Saline ;  taste  of  common  salt. 

4.  Alkaline  ;  taste  of  soda. 

5.  Cooling ^  taste  of  saltpeter, 
t).  Bitter;  taste  of  epsom  salts. 
7.  Sour  :  taste  of  sulphuric  acid. 

Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the  dry 
unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odoi-s  are  sr>metime8  obtained  which  are  thus  designated : 

1.  Alliaceous  /  the  odor  of  garlic.  Friction  ot  arsenical  iron  elicits  this 
odor;  it  may  also  be  obtained  ii-oin  arsenical  compounds,  by  means  of  heat. 

2.  Horse-radish  odor ;  the  odor  of  decaying  horse-radisii.  This  odor  ie 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphureous ;  friction  elicits  this  odor  from  pyrite  and  heat  from 
many  sulpliides. 

4.  Hituminous  ;  the  odor  of  bitumen. 

5.  Fetid ;  the  odor  of  Bulpliui-ettc*d  hydrogen  or  rotten  eggs.  It  is  eli- 
cited by  friction  from  some  varieties  of  quaitz  and  limestone. 

6.  ArgiUaoeoits ;  the  odor  of  moistened  clay.    It  is  obtained  from  ser 


*  See  alwon  «   i«n 
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pentine  and  some  allied  minerals,  after  moistening  them  with  tho  breath ; 
others,  as  pyrargilHte,  afford  it  when  heated. 

The  Feel  is  a  character  which  is  occasionally  of  some  importance  ;  it  ia 
said  to  be  smooth  (sepiolite),  greasy  (talc),  harsh^  or  ineagre,^  etc.  Some 
minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to  the  t**ngue^ 
wlien  brought  in  contact  with  it 


SECTION  IL— SUPPLEMENTARY  CHAFrER. 

I.   COHESION   AND   ELASTICITY   (pp.  119  tO  122). 

The  etching-figures  (Aetzfifjurcn)  produced  by  the  actioii  of  appropriate 
solvents  upon  the  surfaces  of  crystals  have  been  further  investigated  in  the 
case  of  a  considerable  number  of  minerals,  and  the  results  have  in  some 
cases  served  to  throw  light  upon  the  question  as  to  which  crystalliue  system 
a  given  species  belongs.  See  the  investigations  of  Baimuauer  of  the 
etching-figures  of  lepidolite,  tourmaline,  topaz,  calamine,  Jahrb.  Miu.,  1876, 
i.  ;  pyromorphite,  mimetite,  vanadinite,  ib.,  1876,  411  ;  of  adularia,  albite, 
fluori'te.  ib.,  1876,  602  ;  of  leucite,  Z.  Krvst.,  i.,^57,  1877;  quartz,  ib.,  ii., 
117,  1878;  mica  (zinnwaldite),  ib.,  iii.,  113,  1878;  boracite,  ib.,  iii.,  337, 
1879  ;  perofskite,  ib.,  iv.,  187,  1879  ;  nephelite,  ib..  vi.,  :>00, 1882.  (For 
earlier  papers  giving  results  of  etching  experiments  on  muscoviu*,  garnet, 
linnaeite,  biotite,  epidote,  apatite,  gypsum,  in  Ber.  Ak.  Miinchen,  1874, 
245;  1876,  99.)  On  the  etcliing-figures  of  alum,  sec  Fu.  Klocke,  Z. 
Kryst.,  ii.,  126,  1878  ;  of  the  different  micas,  F.  J.  WiiK,  Oefv.  Finsk.  Vet. 
Soc.,  xxii.,  1880. 

On  the  artificial  twins  (twinning-plane  —  i-B)  of  calcite  produced  by 
simple  pressure  with  a  knife-blade  on  the  obtuse  edge  of  a  cleavage  frag- 
ment, see  Baumhauer,  Zeitschr.  Kryst.,  iii.,  588.  1879  ;  Buezixa,  ib.,  iv., 
518,  1880.  The  fragment  should  have  a  prismatic  form,  sjiy  6-8  mm.  in 
length  and  3-0  mm.  in  breadth,  and  be  placed  with  the  "     .-g 

obtuse  edge  on  a  firm  horizontal  support.  The  blade 
of  an  ordinary  table-knife  is  then  applied  to  the  other 
obtuse  edge,  as  at  a  (f.  412a).  and  pressed  gradually  and 
firmly  down.  The  result  is  that  the  portion  of  the  crys- 
tal lying  between  a  and  h  is  n'versed  in  position,  as  if 
twinned  parallel  to  the  horizontal  plane  —\R,  The 
twinning  surface,  gee,  is  perfectly  smooth,  and  the 
re-entrant  angle  corresponds  veryexactlv  with  that  required  by  theory 
(Brezina).  Earlier  observations  by  Pfad  and  Keusch  have  shown  that 
twin  lamellaB  (—\R)  may  be  produced  in  a  cleavage  mass  of  calcite  of 
prismatic  form,  by  simple  pressure  exerted  perpendicular  to  a  straight  ter- 
minal plane.  Such  twinning  lamellae  are  often  observed  in  thin  si^ctions  of 
a  crystalline  limestone  when  examined  in  polarized  light  under  the  micro- 
scope. 

On  the  application  of  the  fracture-figures  (Schlagfiguren)  in  the  optical 
examination  of  the  mica  species  see  Bauer,  ZS.  G.  Ges..  xxvi.,  137,  1874 
(for  earlier  papers  see  ]).  122)  ;  Tachermak,  Z  Kryst.,  ii.,  14,  1877.  On 
the  occurrence  of  Glciiii:ichen  on  galena  see  Bauer,  Jahrb.  Min..  1882,  i., 
183. 

II.    SPECIFIC   GRAVITY  (pp.  123,  124). 

Use  of  a  Solufinu  of  high  Specific  Gracity. — A  solution  of  mercuric 
iodide  in  pofassimn  in'dide  (Hg.l  in  Kl)  affords  a  means  of  readily  ob- 
taining the  specific  gravity  of  any  mineral  not  acted  upon  by  it  chemically, 

173 


174  SPECIFIC   GRAVm'. 

and  for  which  G.  <  3-1 ;  and  also  of  scp:irating  from  oacli  otlier  minerals  of 
different  densities,  when  intimately  mixed  in  the  form  of  small  fragment?. 
The  solution  is  called  the  ISonstadt  solution,  havin.i;  been  first  propo>ed 
by  E.  SOXSTADT  in  18T3  (Chem.  News,  xxix.,  12?)  ;  its  ap[)lication.for  the 
above  objects  was  proj)osed  bv  Church  in  1877  (Min.  Mag.,  i.,  237)  ;  and 
the  method  elaborateil  by  TnorLET  in  18:8  (C.  H.,  Feb.  18.  J878  ;  Bull. 
Soc.  Min..  ii..  17,  189,  1879),  and  later  bv  Coldschmidt  (J.  Min.,  Beil.- 
Bd.,i.,  179,  I88i). 

The  solution  is  prepared  (Goldschmidt)  as  follows  :  The  KI  and  HgJ 
ni*e  taki^n  in  the  ratio  of  1:1-239,  and  introduced  into  a  Volume  of  water 
slightly  greater  than  is  required  to  dissolve  them  (say  80  cc.  to  6ii0  gr.  of 
the  salts) ;  the  solution  is  then  filtered  in  the  usual  way  and  afterw^ard  evap- 
orated down  in  a  poixrelain  vessel,  over  a  water-bath,  until  a  crystalline  scum 
begins  to  form,  or  when  a  fragment  cf  tourmaline  (G.  =31)  floats  ;  on  cooling, 
the  solution  has  its  maximum  density.  If  the  mercuric  iodide  is  not  quite 
pure  a  small  quantity  in  excess  of  tliat  required  by  the  above  ratio  must  be 
taken.  The  highest  specific  gravity  for  the  solution  obtained  by  Gold- 
schmidt was  3-196,  a  solution  in  which  fluorite  floats.  This  maximum  is 
not  quite  constant,  varying  with  the  moisture  of  the  atmosphere  and  with 
the  temperature. 

The  method  of  using  the  solution  for  obtaining  the  speciti:  gravity  of 
small  fragments  of  any  mineral  is,  according  to  Goldschmidt,  as  follows :  'The 
fragments  are  introduced  into  a  tall  beaker,  say  40  cc,  capacity,  with  a  por- 
tion of  the  concentrated  solution  ;  then  water  is  added  drop  by  drop  (or  !*. 
dilute  solution  of  the  same  for  high  densities)  from  a  burette,  until  the  frag- 
ments, after  being  agitated,  arc  just  suspended,  and  remain  so  without  either 
rising  or  falling.  This  process  requires  care  and  precision,  since  the  princi- 
pal error  to  wiiich  the  method  is  liable  is  involved  iiere.  The  solution  is  now 
introduced  into  a  little  glass  flask,  graduated  say  to  hold  just  25  cc,  and  this 
amount  having  been  exactly  measured  off,  the  weight  is  taken  ;  then  the 
solution  is  poured  back  into  the  original  beaker  and  the  fact  noted  whether 
the  fragments  still  remain  suspended  :  then  introduced  again  into  the  flask 
and  weighed,  and  so  a  tliird  time.  The  average  result  of  the  three  weigh- 
ings, diminished  by  the  known  weight  of  the  flask  and  divided  by  25,  gives 
the  specific  gravity.  The  exact  measurement  of  the  25  cc.  is  a  matter  of 
importance,  and  is  most  pasily  accomplished  by  adding  at  first  a  little  more 
than  enough  and  then  removing  the  excess  by  "a  capillary  tube  or  a  piece  of 
filter  paper  ;  the  reading  is  best  taken  from  the  lower  edge  of  the  meniscus. 
It  is  not  necessary  to  clean  and  dry  the  flask  each  time.  The  weighing  need 
not  be  very  accurate,  as  an  error  of  25  mgr.  onlv  involves  a  change  of  a  unit 
in  the  third  decimal  place  ( -001 ).  The  describer  readily  obtained  results 
accurate  to  three  decimals.  The  advantages  of  the  method  are  that  it  is 
readily  applicable  in  the  case  of  small  fragments  (dust  is  to  be  avoided),  it  is 
easily  used,  and  any  want  of  homogeneity  in  the  mineral  makes  itself  at  once 
apparent. 

This  solution  is  also  most  useful  in  affording  a  means  of  separating  me- 
chanically different  minerals  when  intimately  mixed  together  ;  as,  for  example, 
in  a  fine-grained  rock.  For  this  purpose  the  rock  must  first  be  pulverized 
in  a  steel  mortar,  then  put  througn  a  sieve,  or  better,  through  several,  so  as 
to  obtain  a  series  of  sets  of  fragments  of  different  size  ;  the  dust  is  reiected. 
The  fragments  should  be  examined  under  the  microscope,  to  see  that  tney  are 
homogeneous ;  the  largest  fragments  satisfying  this  condition  will  give  the 
best  results. 
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According  to  Thoulot  the  best  method  of  procedure  u  to  first 
density  of  the  fragments  approximately. by  inserting  typical  oi 


determine  the 

.   ^  ^     ^^         ones  in  a  series 

of  samples  of  the  solution  of  gradually  increasing  density.  This  point  deter- 
mined, some  60  cc.  of  the  concentrated  solution  are  introduced 
into  the  tube,  A,  and  1  or  2  grams  of  the  weighed  fragments  a'^'^f^ 
added.  Then  the  ti^htly-fittlng  rubber  cork  with  the  tube, 
F,  is  inserted  ;  the  tube,  F^  is  connected  by  a  rubber  tube  with 
an  ^ir  pump,  and  the  air  babbles  arc  in  tliis  wav  removed  from 
the  powder.  The  heavy  parts  of  the  mixture  fall  to  the  bottom, 
and  are  removed  by  opening  the  stop-cock  at  C,  and  arc  washed 
out  by  use  of  the  tube,  B ;  the  otiier  fragments  float.  Now  a 
quantity  of  distilled  water  is  added  in  order  so  to  dilute  the  solu- 
tion as  to  cause  the  next  heavier  portions  to  sink,  as  determined 
by  the  equation 


Vi  = 


_   v(D  —    A) 


A    —   1 


c . 


where  v  =  volume  of  the  solution,  D  its  specific  gravity,  Vi  the         ll  A 
volume  of  the  water,  and  A    the  density  desired.     I^he  cock         \(  V 
at  D  is  shut  and  that  at  C  opened  and  air  blown  through  the 
side  tube,  so  as  to  mix  the  solution  thoroughly  ;  then  the  original 
operation  is  repeated,  and  so  on. 

GoLDSCHMiDT  l^ecommcnds  the  following  method  of  procedure. 
The  separation  is  conducted  in  a  small  slender  beaker  of  about 
40-50  cc.  capacity.     Instead  of  the  series  of  standard  solutions  Jij 

(the  density  of  which  is  liable  to  alter)  a  series  of  minerals  of  V* 
known  specific  gravity  are  used  as  indicators  ;  by  means  of  them  it 
is  easy  to  determine  the  limits  as  to  density  wliich  are  required  to  make  the 
separation  desired,  the  constituent  minerals  having  been  determined  by  the 
microscope.  For  example,  suppose  it  to  be  desired  to  separate  augite,  horn- 
blende, oligoclase,  and  orthoclase  ;  labradorite  and  albite  are  taken  as  indica- 
tors. Augite  falls  at  once  in  the  concentrated  solution  ;  if  diluted  till  the  lab- 
radorite sinks,  all  the  hornblende  goes  down  ;  before  or  with  the  albite  the 
oligoclase  sinks,  and  the  orthoclase  is  left  suspended.  By  the  use  of  the  25  cc. 
flask,  the  exact  specific  gravity  in  each  case  can  be  obtained  if  desired.  The 
operation  of  separation  goes  on  as  follows  :  The  rock  powder  and  the  indicators 
are  inserted  with  say  30  cc.  of  the  concentrated  solution  into  the  beaker  spoken 
of, then  the  whole  is  stirred  vigorously  and  allowed  to  settle,  and  the  lighter  part 
decanted  ofl!.  The  heavier  part  which  has  settled  is  removed  with  a  jet  from 
a  wash  bottle,  without  disturbing  the  lighter  fragments  adhering  to  the  upper 
part  of  the  beaker.  The  latter  are  subsequently  removed,  washed,  dried, 
again  washed  in  the  solution,  and  added  to  the  rest  for  the  further  separation. 
Ii  the  separations  accomplished  in  this  way  are  not  complete,  they  may  be 
repeated  most  conveniently  with  the  Thoulet  apparatus.  Under  favorable 
conditions,  and  if  the  manipulation  is  skilful,  the  separation  can  be  accom- 
plished with  considerable  exactness.  For  the  best  results  the  process  must  be 
repeated  several  times. 

Thoulet  recommends  also  (I.  c.)  this  method  of  determining  the  specific 
gravity  of  small  fragments  of  minerals.  A  float  of  wax  (inclosing  any  suit- 
able solid  body)  is  made  with  a  specific  gravity  of  from  1  to  2.     The  frag' 
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ments  of  the  mineral  are  lightly  pressed  into  the  wax  flofit,  and  tliis  intro- 
duced into  the  Sonstadt  solution,  of  such  strength  that  the  float  remains  in 
equilibrium  at  any  level.     If  P,   V,  D  are  respectively  the  weight,  volume, 

and  density  of  the  float  alone  (y=  jyj  and  7?,  r,  d  the  same  values  for  the 

fragments  alone  (v=  ^  -j  and  finally  a  the  density  of  the  liquid  in  which 
the  loaded  float  is  in  equilibrium  ;  then 

A    = or        a  =  r;.r ^ =^ 

d 

Breon  has  proiiosed  (Bull,  Soc.  Min.,  iii.,  40,  1880)  the  following  method 
for  separating  different  minerals  intimately  mixed,  which  is  applicable  in 
cases  where  their  density  is  ^eater  than  that  of  the  Sonstadt  solution.  Lead 
chloride  and  zinc  chloride,  in  appropriate  proportions,  are  fused  together  (at 
400°  C.)  and  by  this  means  a  transparent  or  translucent  solution  is  obtained 
of  high  specific  gravity.  Briefly,  the  method  of  procedure  is  as  follows  :  A 
conical  tube  of  glass  is  taken,  of  about  12  to  15  cc.  capacity  ;  this  will  allow  of 
the  treatment  of  -i  or  5  grams  of  the  mixed  minerals.  The  chlorides  of  lead 
and  zinc,  in  apju'oximately  the  proper  proportions,  are  placed  in  the  glass  tube 
and  this,  surrounded  by  sand,  insertea  in  a  platinum  crucible.  On  the  ap- 
plication of  heat  the  zinc  chloride  fuses  first,  but  finally  a  homogeneous  mix- 
ture of  the  two  liquids  is  obtained.  Now,  little  by  little,  the  mineral  frag- 
ments are  introduced  and  the  liq^uid  stirred  ;  then  on  allowing  it  to  stand  for 
a  moment  the  heavier  ))article3  sink  to  the  bottom  and  the  lighter  ones  float. 
The  tube  is  now  removed  from  its  sand  bath  and  cooled  rapidly.  When 
solidified  but  still  hot  the  glass  may  be  plunged  into  cold  water,  in  which 
case  it  will  be  broken  and  the  fragments  can  be  removed,  so  that  the  fused 
mass  within  can  bo  obtained  free.  Subsequently  the  fragments  in  the  upper 
and  lower  parts  of  the  mass  can  be  separated  by  solution  in  water  to  which  a 
little  acetic  aci<l  has  been  added.  The  author  has  operated  on  minerals  vary- 
ing from  wolframite  (G.  =  7-5)  to  beryl  (G.  =  2-7),  and  in  some  samples 
of  sand  has  separated  j:s  many  as  12  constituent  minerals. 

D.  Kleix  (Bull.  Soc.  Min.,  iv.,  149,  1881)  has  proposed  to  use  one  of  the 
boro-tungstate  salts  in  the  place  of. the  Sonstadt  solution  for  the  separation 
of  minerals  whoso  sj)ocific  gravity  is  as  high  as  3-6.  The  most  suitable  salt 
for  this  purpose  i:^  the  cadmium  compound,  H4Cd3B2WB084  4-16  aq.  It  dis- 
solves at  2'3''  C.  ill  about  -^  its  weignt  of  water,  and  crystallizes  out  both 
on  evaporation  and  cooling.  At  75^  C.  it  melts  (best  over  a  water-bath)  in 
its  water  of  crvstallization  to  a  yellow  liquid,  on  the  surf.'ice  of  which  a 
spinel  crystal  (G.  =3-55)  floats.  Bv  the  application  of  the  Thoulet  appara- 
tus (see  above),  so  arranged  as  to  allow  of  the  application  of  heat,  solutions 
of  any  specific  gravity,  hot  or  cold,  from  1  to  3-6,  can  be  obtained.  A  num- 
ber of  common  minerals  fe.  g.  chrysolite,  epidote,  vesuvianite,  some  varie- 
ties of  ampliibole  and  mica)  can  be  separated  by  the  use  of  this  liquid,  while 
the  Sonstadt  solution  is  inapplicable.  The  fragments  under  examination 
must  be  free  from  the  carbonates  of  calcium  or  magnesium,  which  decom- 
pose the  boro-tungstate  of  cadmium. 
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III.    LIGHT  (pp.  125-108). 

Measuremefil  of  Indices  of  Kefrcution. 

For  the  determination  of  tlie  indices  of  refraction  of  crvstallized  minerals, 
various  improvements  have  been  made  in  former  methods  and  some  new 
methods  devised. 

Use  of  the  Horizontal  Goniometer, — The  ordinary  method  for  determining 
the  index  of  refraction,  requiring  the  observation  of  the  angle  of  minimum  • 
deviation  (6)  of  a  light-ray  on  ptissing  through  a  prism  of  the  given  mate- 
rial, having  a  known  angle  (or),  and  with  its  edge  cut  in  the  proper  direc- 
tion, has  atready  been  mentioned  (p.  128).    The  two  measurements  required 
in  tliis  case  can  bo  readily  made  with  the  horizontal  goniometer  of  Fuess, 
described  on  p.  115.     Tn  this  instrument  the  collimator  is  stationary,  being 
fastened  to  a  leg  of  the  tripoil  support,  but  the  observing  telescope  with  the 
verniers  moves  freely.    In  the  use  for  this  object  the  graduated  circle  is  to  be 
clamped,  and  the  screw  attachments  connected  with   the  axis  carrying  the" 
support,  and  the  vernier  circle  and  observing  telescope  are  to  be  loosened*  / 
The  method  of  observation  requires  no  further  explanation  (see  also  pn. 
141.  150). 

Total  Rejlectrometer.—F,  KoHLRAVScn  has  shown  (Wied.  Ann.,  iv.,  1,1878) 
that  the  principle  of  total  reflection  (p.  128)  may  be  made  use  of  to  deter- 
mine the  index  of  refraction  in  cases  where  other  methods  are  inapplicable. 
No  prism  is  required,  but  only  a  small  fragment  having  a  single  polished 
surface  ;  this  may  be  cut  ip  anv  direction  for  an  isotrope  medium  ;  it  should 
be  parallel  to  the  vertical  axis  in  a  uniaxial  crystal,  and  perpendicular  to  the 
acute  bisectrix  with  a  biaxial  crystal.  The  arrangements  required  are,  in 
their  simplest  form,  a  wide-mouthed  bottle  filled  with  carbon  disulphide 
(refractive  index  l-f>)  ;  the  top  of  this  is  formed  by  a  fixed  graduated  circle, 
and  a  vertical  rod,  with  a  vernier  attached,  passes  through  tne  plate  and  car- 
ries the  crystal  section  on  its  extremity,  immersed  in  the  liquid.  The  angle 
through  which  the  crystal  surface  lying  in  the  axis  is  turned  is  thus  meas- 
ured in  the  same  way  as  in  f.  412h,  by  the  vernier  on  the  stationary  gradu- 
ated circle.  The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and 
through  this  passes  the  horizontal  observing  telescope,  arranged  for  parallel 
light.  The  rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper, 
through  which  the  diffuse  illumination  from  sav  a  sodium  flame  has  access  ; 
the  rear  of  the  bottle  is  suitably  darkened.  When  now  the  observer  looks 
through  the  telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal 
section,  he  will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique 
direction,  a  sharp  line  marking  the  limit  of  the  total  reflection.  The  angle 
is  then  measured  off  on  the  graduated  circle,  when  this  line  coincides  with 
one  of  the  spider  lines  of  the  telescope.  Now  the  crystal  is  turned  in  the 
opposite  direction,  and  the  angle  again  read  off.  Half  the  observed  angle 
{2a)  is  the  angle  of  total  reflection  ;  if  n  is  the  refractive  index  of  the  car- 
bon disulphide,  then  the  required  refractive  index  is  equal  to 

n  sin  a. 

Under  favorable  conditions  the  results  are  accurate  to  four  decimal  places. 
This  method  is  limited,  of  course,  to  substances  whose  refractive  index  is  less 
than  that  of  the  liquid  medium  with  which  the  bottle  is  filled.     With  a  sec- 
12 
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tioii  of  a  uniaxial  crystal,  wliose  surface  is  must  convenient!}'  parcel  to 
the  vertical  axis,  the  method  is  essentially  the  same.  The  section  is  so 
placed  that  in  it  the  direction  normal  to  the  optic  axis  is  horizontal.  The 
light  will  be  here  separated  into  two  rays,  having  separate  limiting  surfaces, 
and  witli  a  Nicol  prism  it  is  easy  to  determine  which  of  them  corresponds 
to  the  vibrations  parallel  and  perpendicular,  respectively,  to  the  optic  axis. 
For  biaxial  crvstals  the  surface  should  be  normal  to  the  acute  bisectrix.  This 
will  give  by  aotual  observation  the  values  of  (x  and  y,  and  if  2^,  the  appa- 
rent axial  angle  in  air,  is  known,  then  fiy  the  mean  index  can  be  calculated 
(see  p.  150).  Instead  of  carbon  disulphide  the  Sonstadt  solution,  with 
n  =  1-73,  can  be  employed.  The  total  reiiectrometer  of  Kohlrausch  has  been 
adapted  in  practical  form  to  the  horizontal  goniometer  (f;  372a)  of  Fuess 
(see  Liebisch,  Ber.  Ges.  Nat.  Fr.  Berlin,  Dec.  10,  1879).  Klein  has  sug- 
gested some  improvements  (J.  Min.,  18;0,  880),  and  Bauer  (J.  Min.,  188*^ 
i.,  132)  has  shown  how  the  method  can  be  simply  applied  to  the  instrument 
for  the  measurement  of  the  optic  axial  angle  (f.  412h),  and  without  its 
modification  in  any  important  respect. 

Quincke  (abstract  in  Z.  Kryst.,  iv.,  640)  has  described  another  method 
for  obtaining  the  refractive  index  of  a  substance  on  the  principle  of  total 
reflection.  In  a  word,  it  consists  in  observing  on  a  spectrometer  the  limit- 
ing angle  of  total  reflection  for  a  plane  section  of  the  substance  to  be  inves- 
tigated, brought  with  oil  of  cassia  between  two  flint  glass  prisms. 

SoRBY  (Proc.  Roy.  Soc,  xxvi.,  384;  Min.  Mag.,  i.,  97,  194;  ii.,  I,  103) 
has  developed  the  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  nrst  described  by  Duke  de  Chaulnes  (1767),  and  has  shown  that 
under  suitable  conditions  it  allows  of  determinations  being  made  with  con- 
siderable accuracy.  This  method  consists  in  obseo^ing  the  distance  (d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  plane-plane  plate  of 
known  thickness  (/)  is  introduced  perpendicular  to  the  axisof  tne  microscope 
between  the  objective  and  the  focal  point — here 

Sorby  makes  use  of  a  glass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  are  ruled.  The  micrometer  screw  at  g,  in  the 
Kosenbusch  microscope  (f.  4r^K,  p.  181),  makes  it  possible  to  measure  the 
distance  through  which  the  tube  is  to  be  raised  and  lowered  down  to  -OOl 
mm.  ;  consequently  both  t  and  d  can  be  obtained  with  a  high  degree  of 
accuracy. 

Bauer  has  shown  that  the  indices  of  refraction  may  be  obtained  with  con- 
siderable accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances 
between  the  black  rings  in  the  interference  ngures  as  seen  in  homogeneous 
light.  The  relation  between  these  distances  and  the  optical  axes  of  elasticity 
was  established  by  Neumann  (Pogg.  Ann.,  xxxiii.,  257,  1834).  Bauer  haa 
made  use  of  this  method  in  the  case  of  muscovite  (Ber.  Ak.  Berlin,  1877,  704). 
He  has  also  developed  the  same  method  as  applied  to  uniaxial  crystals  and 
employed  it  in  the  case  of  brucite  (ib.,  1S81,  958). 

Polar  izatio  n  In  sir  ii  m  ents, 
Pohrucope. — The  earlier  forms  of  polar iscope  for  converging  and  for  par- 
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allcl  light,  na  ai'ranged  by  Gro.h  and  constructed  bv  Fuess,  are  sliown  in  figs. 
384,  3&5,  p.  134.  The  moi« 
recently  coDstructed  instni- 
tnentB  (see  Liebiscb,  1.  e.,  p. 
343  ct  seq.),  with  some  impor- 
tant improvements,  are  shown 
in  f.  412c  and  f.  412D.  The 
lower  tnbe, /,  containing  the 
analfzer,  hui  about  it  a  collar, 
/'  (see  details,  figure  412f), 
with  a  triangular  proicction 
on  the  upper  edge ;  tnis  fits 
into  one  of  two  correspond- 
ing triaiiguliir  depressions 
(0  and  45°)  in  the  surround- 
ing tube,  g.  This  serves  to 
fix  the  position  of  the  tube, 
that  is,  of  the  vibration-plane 
of  the  enclosed  Kicol,  with  ref- 
erence to  the  fixed  arm,  B,  to 
which  the  verniers  are  at- 
tached, so  tlidt  tho  principal 
section  of  the  Nicol  either  co- 
incides with,  or  makes  an 
angle  of  45'  with  the  0''  lino 
of  the  verniers.  Tho  circle,  i, 
is  graduated  lo  1',  and  with 
the  vernier  gives  readings  to 
8' ;  the  section  to  bo  examined 
is  supported  at  k.  A  similar 
collar,  «,  surrounds  the  upper 
tube,  V,  by  wliich  tho  posi- 
tion of  tho  micrometer  (at  r) 
(this  micrometer  consists  of 
two  lines  at  right  angles,  one 
nf  which  is  graduated)  can  also 
be  fixed  relatively  to  the  ver- 
niersothat  tlio  gnidiiatod  lino 
of  the  micromotor  is  perpendic- 
ular to  the  plane  through  the 
axis  of  the  instrument  and  tho 
zero  of  the  vernier.  The  tnl>e 
above  carrying  tho  Nicol  has 
at  «  a  graduated  circle  which 
shows  the  relative  directions  of 
the  vibration -planes  of  the  two 
Nicols.     Tlie  lenses  at  w  undo  ^^^'• 

are  arranged  so  that  they  may  be  used  ail  together,  when  strongly  converging 
light  is  needed,  or  the  small  lenses  may  be  removed,  so  that  three  combina- 
tions are  possible.  A  small  screw  at  a  malies  it  possible  to  adjust  the  position 
of  the  glass  micrometer  bo  that  it  shall  always  be  in  the  focus  of  the  lenses  at 
o,  a  point  which  varies  according  to  the  combination  of  lenses  employed. 
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Slauroscope — Caldcron's  Plate. — The  Ftaiiroscopo  is  essentially  the  same  in- 
strument as  that  mentioned  in  f.  385.  Instetid,  nowever,  of  employing  the 
Brezina  intcrfcrcnee-plate  of  ctilcitc,  a  double  plato  is  used,  asBu^geetedbjCal- 
deron(Z.  Krvst ,  ii.,  08).  This  plate  is,  in  fact,  nn  artificial  twin,  and  is  made 
as  follows:  Acalciterhombohedron  la  cut  throiigli  along  the  shorter  diagonal ; 
from  each  hiilf  a  wedge-sliaped  portion  is  cut  awav  and  the  two  surfaces  thus 
produced,  after  beingpolished,  are  cemented  togetner,  A  plane- plane  plate  is 
4J2q  ■  then  cut  from  thin   (compare  figure)   by  grinding 

„  away  the  angles  as  indicated  ;  this  plate  is  dirided 

...-■;    ■  ,„  into  two  halves   by  the   line  of   reparation  of  the 

'  artificial  twin.      Such  a  piate  is  very  sensitive,  and 

M  I  [■'    allows  of  very  exact  ob8cr\ations.     It  is  placed  at  m 

•. .,-  "[,'•-.,._ ;     (f.  412d),  and  when  the  arrangementB are  completed 

\.--'"'  '" -/      tlio  dividing  line  of  the  calcite  exactly  coincides  with 

H  vibration -plane  of  one  of  the  two  Nicols.  A  diaphragm  is  placed  above 
with  holes  of  varying  size  according  to  the  minuteness  of  the  ciyatai  to  l>e 
examined.  The  stauroscopic  determinations  made  by  Calderon  showed  an 
error  of  only  3'  to  7'. 

Axial-angle  Instrument  (see  p.  148). — Tho  instrument  for  the  measure- 
ment of  the  angle  of  the  optic  axes  is  in  principle  essentially  that  of  Dcs 
Cloizeaux,  but  in  the  details  of  the  construction  various  improTements  have 

412u. 


been  introduced  (see  f.  412h),  The  same  arrangement  of  adjustable  collars 
at  k'  and/"  is  employed  as  in  the  other  instruments,  to  fix  the  position  of  the 
principal  sections  of  the  Nicols  relatively  to  the  plane  passing  through  the  axis 
of  the  observing  telescope  and  tho  axis  of  rotation.  Instead  of  the  straight 
rod  in  f.  401,  in  the  pincers  at  the  extremity  of  which  the  crystal  section  is 
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held,  there  is  here  an  arrangement  consisting  of  two  concentric  tabes,  tuni- 
ing  independently,  but  eo  as  to  be  clamped  at  r.  The  adjustable  disk  hav- 
ing  a  horizontal  motion  at  Fy  and  the  spherical  segment  at  H  (Petzval 
support)  allow  of  the  section  being  both  centered  and  adjusted. 

Folariscope  of  Adams- Schneider, — A  polariscope  of  peculiar  construction, 
giving  a  very  large  field  of  view,  and  at  the  same  time  allowing  of  the  mcae- 
urement  of  the  axial  angle,  was  proposed  in  1875  by  Adams  (Phil.  Mag..  IV., 
1.,  p.  13, 1875;  v.,  viii.,  1275).  The  same  instrument  has  been  further  devel- 
oped by  Schneider  (Carl.  Rep.,  xv.,  744),  and  is  also  described  by  B£C£E 
(Min.  retr.  Mitth.,  ii.,  430,  1879).  The  peculiarity  of  the  instrument  con- 
sists in  this,  that  the  middle  plano-convex  lenses  which  ordinarily  are  fixed 
to  the  upper  and  lower  lens  systems,  respectively  (see  o,  o,  o,  and  w,  w,  w,  in 
f.  412c),  are  here  separated  from  the  others  in  a  common  support,  and  to- 
gether form  a  sphere.  The  course  of  the  light-rays  will  be  always  the  same, 
however  the  sphere  is  rotated  about  its  fixed  centre.  Between  the  cemi- 
spherical  lenses  a  space  is  left,  and  here  is  introduced  the  section  to  be  ex- 
amined, which,  turning  with  the  surrounding  lenses,  can  obviously  be  made 
to  take  any  desired  position  with  reference  to  the  axis  of  the  instrument.  An 
appropriate  arrangement  makes  it  possible  to  measure  the  angle  through 
which  the  section  must  be  rotated  to  bring  first  one  and  then  the  second 
optic  axis  in  coincidence  with  the  axis  of  the  instrument.  The  advantages 
of  the  instrument  consist  in  the  fact  that  the  field  of  view  is  very  large,  and 
at  the  same  time  it  allows  of  jilacing  the  section  in  any  desired  position  reln- 
tively  to  the  axis.  Moreover,  the  angle  measured  is  the  apparent  angle  for 
the  glass  of  which  the  lenses  are  made,  eo  that  the  axes  arc  visible  in  ca&.s 
where  this  would  not  be  the  case,  because  of  total  reflection,  either  in  air  or 
in  oil. 

Polarization-Microscope, — The  investigation  of  the  form  and  optical  proj)- 
erties  of  minerals  when  in  microscopic  form,  as  they  occur,  for  exjimple,  \\\ 
rocks  of  fine  crystalline  structure,  has  been  much  facilitated  by  the  use 
of  instruments  specially  adapted  for  this  purpose.  The  most  serviceable 
polarizing  microscope,  for  general  use,  is  that  described  by  fiosenbusch  (Jahrb. 
Min.,  1876,  504),  and  made  by  R.  Fuess,  of  Berlin.  A  sectional  view  is 
given  in  f.  412k.  The  essential  arrangements  are  as  follows  :  I'he  coarse  ad- 
justment of  the  tube  canning  the  eye-piece  and  objective  is  accomplished  by 

the  hand,  the  tube  sliding  freely 
in  the  support,  p.  The  nne  ad- 
justment is  made  b^  the  scdbw^, 
g ;  the  screw-head  is  graduated 
and  turns  about  a  fixed  index 
attached  to  p,  by  this  means 
the  distance  through  which  the 
tube  is  raised  or  lowered  can 
be  measured  to  0*001  mm.; 
this  is  important  in  determin- 
ing the  indices  of  refraction 
by  the  De  Chaulnes-Sorby  meth- 
od (see  p.  178).  The  polarizing 
prism  (Razumovsky)  is  placed 
below  tiie  stage  at  r,  in  a  sup- 
port, with  a  graduated  circle,  so 
that  the  position  of  its  vibr.if  cn-plane  can  oe  fixed.  The  analyzing  prism 
is  placed   above  the  eye-piece  in  a  support,  «,  which  may  be  removed  at 
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pleasure ;  the  edge  of  this  is  graduated  and  a  fixed  mark  on  Vac  plii!:c,  /*,  makes 
It  possible  to  set  the  vibration-plane  in  any  desired  position.  When  both  prisms 
are  set  at  the  zero  mark,  their  vibration -planes  are  crossed  (±);  when  either 
is  turned  90°,  the  planes  are  parallel  (!]).  The  stage  is  made  to  rotate  about 
the  vertical  axis,  but  otherwise  is  fixed  ;  its  edge  is  graduated,  so  that  the 
angle  through  which  it  is  turned  can  be  measured  to  V.  Three  adjustment 
screws,  of  which  one  is  shown  at  w,  n,  make  it  possible  to  bring  the  axis  of 
the  object  glass  in  coincidence  with  axis  of  rotation  of  the  stage  (see  fur- 
ther the  detailed  drawing  at  the  side). 

This  instrument  is  especially  applicable  to  the  study  of  the  form  and  opti- 
cal properties  of  minerals  as  tfiey  are  found  in  thin  sections  of  rocks  (on  the 
method  of  preparing  see  p.  159),  although  it  can  also  be  used  with  small  in- 
dependent crystals  and  crystalline  sections  or  fragments-  The  more  impor- 
tant points  to  which  the  attention  is  to  be  directed,  more  particularly  in  the 
case  of  minerals  in  sections  of  rocks,  are  :  (1)  crystalline  form,  as  shown  in 
the  outline ;  (2)  direction  of  cleavage  lines;  (3)  index  of  refraction;  (4) 
light  absorption  in  different  directions,  i.  e.,  dichroism  or  pleochroism  ;  (5) 
the  isotrope  or  anisotrope  character,  and  if  the  latter,  the  direction  of  the 
planes  of  light-vibration — this  will  generally  decide  the  question  as  to  the 
crystalline  system  ;  (G)  position  of  the  axial  plane  and  nature  of  the  axial 
interference  figures  when  they  can  be  observed,  and  the  positive  or  negative 
character  of  the  double  refraction  ;  (7)  inclosures,  solid,  liquid  or  gaseous. 

In  regard  to  these  several  points  a  few  general  remarks  may  be  made.* 

(1)  Crystalline  Form. — In  most  rocks  well  defined  crystals  are  rather  the  exception  than 
the  rule.  It  will  be  consequently  only  in  occasional  sections  (e.  g.  more  commonly  in  vol- 
canic rocks)  that  a  clear  crystalline  outline  is  observed.  The  form  of  this  outline  will  de- 
pend upon  the  direction  in  which  the  section  is  cut,  and  will  vary  as  it  varies  ;  this  fact 
wUl  explain  why  in  a  given  rock  section  so  many  widely  different  forms  of  a  given  mineral 
are  observed  ;  this  irregularity  is  increased  by  the  fact  that  the  crystals  may  be  more  or 
less  distorted.  For  tne  recognition  of  the  form,  consequently,  considerable  familiarity 
with  the  various  outlines  likely  to  occur  in  the  case  of  a  given  species  is  verv"  desirable. 

The  angles  between  any  two  crystalline  directions  is  obtained  by  first  bringing  one  of 
them  in  coincidence  with  a  spider  line  in  the  eye-piece,  the  adjustment  at  iV'  ha\ing  been 
previously  made,  and  then  noting  the  angle  through  which  the  crystal,  i.  e..  the  stage, 
must  be  rotated  to  bring  the  other  direction  in  coincidence  with  the  same  spider  line. 

(3)  Cleacage, — The  process  of  grinding  involved  in  the  making  of  a  thin  section  tends  to 
develop  the  cleavage  lines.  Here  are  to  be  noted,  (1)  the  direction  of  cleavage  (measured 
as  above),  depending  on  the  direction  in  which  the  se(?tion  is  cut ;  and  (2)  the  character  of 
the  cleavage.  For  example,  a  basal  section  of  a  crystal  of  amphibole  shows  the  cleavage 
lines  parall^  to  the  prism  (124^°);  a  vertical  section  shows  one  set  of  vertical  and  parallel 

*  For  the  full  development  of  this  subject,  see  the  works  of  Rosexbusch  and  Zirkel 
(titles  on  p.  111.)  ;  also  the  following  : 

BoRicKY,  E.  Elemente  eincr  neuen  chemisch-mikroskopischen  Mineral-  und  Gesteins- 
analyse,  72  pp.  4to,  Prag,  1877. 

Cohen*,  E.  Sammlung  von  Mikrophotographiecn  zur  Veranschaulichung  der  mikroskop- 
ishen  Structur  von  Mineralien  und  Gresteincn,  aufgenommen  von  J.  Grimm  in  Orenburg, 
1,  3,  3,  4,  5  Lfg.,  Stuttgart,  1881 -eS. 

DoELTEO.  Die  Bestimmunc  dcr  petrogra[)hisch  wichtigeren  Mineralien  durch  das  Mikro- 
skop  ;  Eine  Anloitunsr  zur  miKroskop,  Gesteins-Analyse,  i>j  pp.  8vo,  Vienna,  1876. 

FouQu6,  F.  and  MicHEL-LKVi',  A.  Mineralogie  micrographique,  roches  eruptives  Fran- 
ca iscs.  509  pp.  4to,  Paris,  1879. 

RuTLEY,  F.    The  Study  of  Rocks,  819  pp.  l^mo,  London,  1879. 

TnouLET.  Contributions  a  IN'tudc  dcs  proprietcs  physiques  et  chemiqucs  des  min^raux 
microscopiques,  77  pp.  8vo,  Paris. 

Ha  WES,  G.  W.  Tne  Mineralogy  and  Lithology  of  New  Hampshire  (Geology  of  New 
Hampshire,  vol.  iii.),  262  pp.  4to,  with  12  plates.  '  Pogcs  8-18  r.f  this  work  give  an  excel- 
lent summary  of  microscopic  methods  of  investigation,  as  applied  to  rocks  and  minerals. 
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cleavage  lines.  On  the  other  han^l,  a  lni.s  1  <colion  of  a  crystal  of  pyroxene  shows  the  pris- 
matic cleavage,  here  less  perfect  than  in  the  amphilwlo,  and  at  an  an^le  of  87°  and  OS*'  ; 
a  vertical  section  aprain  shows  onlv  one  set  Also  a  basal  section  of  mica  shows  no  clecv- 
age  lines,  but  a  A'ertieal  section  shows  a  series  of  very  fine  paniUel  lines  corresponding:  to 
the  highly  perfect  bascl  cleavage. 

(3)  The  index  of  refraction  is  obtained  by  the  method  of  the  Duke  de  Chaulncs,  cs  devel- 
oped by  Sorby  (see  p.  178). 

(4)  Pleochroism. — To  examine  the  pleochroisni  of  a  mineral  section,  the  lower  pri^m  is 
inserted  and  set  at  0**,  so  that  its  vibration-i)lane  coincides  with  the  direction  0^  to  IfcO''  on 
the  stage.  If  now  the  section  be  placed  on  the  stage  and  the  latter  rotated,  the  absorption 
of  the  light  vibrating  in  the  same  platie  with  the  prism  can  be  observed.  For  example,  a' 
vertical  section  of  biotite  is  dark  when  the  cKrection  of  the  cleavage  lines  is  I  with  the  above 
named  line  (O""  to  180'  of  stagey  for  the  light  which  it  transmits  nas  vibrations  in  this  plane 
only,  and  thosi»  are  strongly  absorbed  ;  on  the  contrary,  when  the  stage  is  rcttted  00"  the 
section  becomes  light,  because  the  light  vibrating  [  to  this  direction,  is  but  slightly  ub- 
sorbed  :  on  the  other  hand,  a  basal  section  shows  no  difference  of  light  absorption. 

(5)  Isotrope  or  Anisoirope^  etc. — Supposing  the  prisms  in  position  and  pkccd  with  their  vi- 
bration-planes ]>er|x?ndicular,  a  section  of  an  amorphous  substance,  as  glass,  will  remain 
dark  in  all  positions  as  it  Ls  rotated  upon  the  stage,  for  it  has  sensibly  the  same  light-elastic- 
ity in  all  directions,  since  no  one  direction  has  any  advantage  over  another. 

A  section  of  an  isometric  mineral  will  also  remain  dark  as  it  is  revolved  between  the 
crossed  prisms.  A  section  of  a  tetrarjonal  or  hexagonal  crystal  parallel  to  the  base  will  also 
remain  unchanged  l)etween  crossed  prisms  ;  a  vertical  section,  or  one  inclined  to  the  base, 
will  be  dark  only  when  the  directions  of  the  spider  lines  coincide  with  the  vertical  and  trans- 
verse directions  :  in  other  words,  the  extinction  directions  are  II  and  _'  to  the  prism.  A 
section  of  an  orthorhombic  crystal  will  have  its  directions  of  extinction  coincident  with  the 
crystallographic  axes.  A  section  of  a  monor-linic  cri'stal  cut  parallel  to  nnv  direction  in  the 
orthodiagonal  zone  will  have  its  extinction  directions  parallel  to  the  clinodiagonal  axis  and 
perpendicular  ;  that  is,  if  prismntic  in  habit.  II  and  j_  to  the  prism,  hence  in  this  position 
it  cann  it  bo  distinguished  from  an  orthorhombic  crystal.  On  tiie  other  hand,  in  the  case  of 
a  section  cut  in  any  other  piano,  the  position  of  ti.e  extinction  directions  will  depend  upon 
the  in'li\'idual  crystal.  For  the  exact  determination  of  these  directions  with  reference  to 
any  crystallographic  lines  present,  the  method  of  the  ^tauroscope  must  be  employed.  For 
minute  sections  a  quartz  plate  (l  vertical  axis)  is  sometimes  inserted  iZZ  nX.  it  in  f.  412k): 
this  gives  for  a  proper  position  of  the  upper  prism  a  field  of  imiform  delicate  color  (say 
\iolot).  A  section  of  an  anisotrope  mineral  placed  on  the  .stage  will  have  the  same  color  only 
when  its  extinction  directions  are  ii  and  i  to  the  vibration  plane  of  the  lower  prism  {rry  in 
f.  412k).  a  special  eyc-picce  (see  f.  412k)  provided  with  a  Calderon  plate  is  als^o  sometimes 
employed. 

(6)  if  the  eye-piece  is  removed,  and  at  the  same  time  suitable  lenses  added,  two  at  T{i, 
412k)  and  one  above,  stronprly  convcrgihg  light  is  obtained.  In  many  cases  wh^n  the  sec- 
tion is  cut  in  the  proper  direction,  the  axial  interference  figures  can  be  seen  as  distinctly  as 
in  the  ordinary  polariscope.  A  i-undulrtion  mica  plate  makes  it  possible  in  such  eases  to 
determine  the  +  or  —  character  of  the  double  refraction.  On  the  use  of  microscope  for  the 
observation  of  the  optic  axes,  see  v.  Lasaulx.  J.  Min.,  1878,  377,  and  Z.  Krvst.,  ii.,  256  ;  Ber- 
tranil.  Bull.  Soc.  Min.,  1878,  27  ;  Klein,  Nachr.  Grs.  Wiss.  GOttingen,  1878,  461  ;  Laspcvres, 
Z.  Kr>'st.,  iv.,  4(50. 

(7)  For  a  description  of  the  various  inclosures  ofti'U  observed  in  sections  of  minerals,  and 
the  method  of  studying  them,  reference  must  be  made  to  the  works  referred  to  above.  ^ 

When  it  is  desired  to  observe  the  effect  of  fncreased  temperature  on  the  mineral  sections  or 
their  enclosures  (e.g.  liquid  CO?)  the  air  l)ath  (f.  412l)  heated  by  the  lamp,  X,  and  providetl 
with  a  delicate  thermometer,  is  employed.  This  fits  into  the  stage  at  T,  and  the  section  is 
placed  above  at  «,•». 

Microscope  of  Beriraml.—Borirand  (Bull.  Soc.  Min.,  iv.,  97-100,  1880) 
has  devised  a  form  of  mioroscopo  especially  adapted  for  mineralo^ical  work, 
and  allowing  of  the  determination  of  the  form  and  optical  properties  of  min- 
erals in  crystiils  or  sections  so  small  tiiat  they  cannot  be  employed  in  the  or- 
dinary polariscopes.  The  ttibe  carrvinT  the  eye-piece  and  objective  has  the 
ordinary  coarse  and  fine  adjustments ;  the  former  is  accomplished  by  a  rack 
and  pinion  movement,  and  is  measured  by  a  scale  and  vernier;  the  latter  is 
made  by  a  screw  with  a  graduated  head  situated  similarly  to  that  in  the  Bo- 
eenbusch  microscope.     An  opening  in  the  tube  above  the  objective  allows  of 
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the  introdaction  of  a  little  slide  carrying  a  small  lens,  whose  vertical  position 
can  be  adjusted  by  an  appropriate  rack  and  pinion  turned  by  a  screw  head  ; 
this  auxiliary  lens  may  either  magnify  the  intericrence  figures  of  the  crystal 
section  or  else  the  section  itself,  when  the  position  of  the  former  is  properly 
adjusted.  The  objective  can  be  centered  by  horizontal  screws,  and  immedi- 
ately above  it  a  quartz  wedge,  or  quarter-undulation  plate  of  mica,  can  be  in- 
trouuced  for  the  determination  of  the  character  of  the  double  refraction. 
The  stage  has  two  movements  in  directions  at  right  angles  to  each  other,  for 
each  of  which  a  special  scale  with  a  vernier  is  supplied  ;  also,  the  stage  ro- 
tates in  a  horizontal  plane,  and  is  supplied. with  a  graduation  to  allow  of  the 
measurement  of  the  angle  of  rotation.  The  lower  polarizing  prism  is  supplied 
with  several  lenses  for  producing  strongly  converging  light,  and  by  a  screw 
can  be  moved  in  a  vertical  direction.  In  addition,  a  small  goniometer  with 
oil  bath  is  provided,  which  can  be  placed  upon  .the  stage,  and  which  allows 
of  the  measurement  of  the  optic  axial  angle  of  the  section  under  examination. 
The  special  advantages  of  this  instrument,  as  shown  by  the  observations  of  the 
inventor  with  it,  as  also  those  of  Des  Cloizeaux,  are  that  it  allows  of  all  the 
necessary  optical  determinations  even  in  crystals  or  crystal  sections  which  are 
extremely  minute. 

On  the  Cause  of  the  so-called  Optical  Anomalies  of  Crystals, 

[The  following  parografihs  contain  a  brief  statement  of  tho  results  of  some  of  the  more 
important  of  recent  investigations  bearing  upon  the  subject  of  the  ** Optical  Anomalies"  of 
cr}^tals.  It  will  be  seen  toat  the  main  pomt  at  issue  is  as  to  tho  time  explanation  of  tho 
phenomena  of  double-refraction,  observca  in  many  crystalii2ed  minerals  of  apparent  iso- 
metric form  (as  garnet,  fluorite,  boracito,  analcite,  etc.^,  and  analogous  variations  from  tho 
theoretical  optical  character  in  cnstals  apparently  tetragonal,  hexagonal,  etc.  (as  vesuvi- 
anite,  zircon,  corundum,  beryl,  etc.).  Are  these  **  optical  anomalies  "  a  proof  that  tho  appa- 
rent symmetry  of  tho  observed  form  is  only  paeudr^ft/mmetrv,  being  duo  to  the  complex 
twinninc  of  parts  of  lower  grade  of  symmetry  than  that  which  the  crystal  as  a  whole  siinu- 
lates?  In  other  words,  do  tho  optical  properties  actually  belong  to  the  inherent  molecular 
structure  of  the  parts  of  the  crystal  ?  Or,  does  the  geometrical  form  of  the  whole  really 
represent  the  true  symmetry  of  the  crystal,  and  are  these  phenomena  (of  double-refraction 
in  isometric  crystals,  for  example)  due  to  secondary  causes,  such  as  Internal  tension  pro- 
duced during  the  prowth  of  the  crystal,  and  so  on  ?  • 

In  regard  to  this  subject,  it  may  be  remarked  that  it  is  beyond  question,  on  the  one  han^ 
thsit  paeudrfsymmetry  is  to  some  extent  a  law  of  nature,  for  the  crystals  of  many  minerals 
of  unauestioncd  orthorhombic  character  simulate  hexagonal  forms  (e.  g.,  aragonite) ;  on  the 
other  hand,  it  is  equally  certain  that  the  phenomena  of  double-refraction  may  be  produ/jed 
in  colloid  or  crystalline  isotrop^  media  by  a  state  of  tension,  and  similarly  that  uniaxial 
crystals  may  be* made  biaxial  by  pressure,  and  so  on.  Which  of  these  two  explanations  is 
to  be  applied  in  the  larjcife  number  of  cases  now  under  discussion  cannot  be  regarded  as 
settled,  although  the  writer  inclines  to  the  opinion  that  the  second  explanation,  more  fully 
detailed  later,  will  be  found  to  hold  true  in  the  case  of  the  majority.  This  does  not  seem, 
however,  to  be  the  place  nor  the  time  for  a  full  review  of  tho  testimony  which  has  been  ac- 
cumulated on  both  sides  of  the  question.] 

There  are  a  considerable  number  of  minerals,  the  crystals  of  which  exhibit 
optical  phenomena  which  are  not  in  accordance  with  the  apparent  symme- 
try of  the  crystalline  form.  Cases  of  this  kind  were  observed  by  Brewster 
(1815  and  later),  and  investigated  by  him  with  a  remarkable  acuteness  con- 
sidering the  imperfect  instruments  then  available.  For  example,  alum,  anal- 
cite,  boracito,  diamond,  fluorite,  halite  were  shown  by  Brewster  to  exert  an 
effect  on  polarized  light  not  in  accordance  with  their  apparent  isometric 
form.  With  the  improved  methods  and  means  of  investigation  at  the  dis- 
posal of  mineralogists  in  recent  times,  the  list  of  minerals  whose  crystals  ex- 
hibit "  optical  anomalies  "  has  been  voiy  largely  increased. 
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In  explanation  of  these  anomalies,  yarious  liypothesos  have  been  advanced. 
Brewstee  explained  them  in  the  case  of  diamond  a3  due  to  local  tension 
connected  with  solid  or  gaseous  inclosurcs.  In  1841  BiOT  published  his 
memoir  on  lamellar  polarization  (C.  R.  xii.,  9G7  ;  xiii.,  155,  391,  839),  and 
explained  the  optical  characters  of  the  minerals  named  above,  a^  also  the 
tetragonal  apophyllite.  as  due  to  that  cause.  The  idea  advanced  by  him  was 
that  the  crystal  was  made  up  of  thin  lamellre,  which  exerted  on  transmitted 
light  an  etrect  analogous  to  that  of  a  bundle  of  parallel  glass  plates.  Volger 
(1864-5)  attempted  to  show  that  in  the  case  of  boracite  the  anomalous  opti- 
cal properties  were  due  to  the  presence  of  a  doubly-refracting  anisotrope 
mineral,  parisite,  derived  from  alteration  ;  much  later  (1868)  this  view  was 
accepted  by  Des  Cloizeaux.  Marbach  (Pogg.  Ann.,  xciv.,  412,  1855)  dis- 
cussed the  question  more  broadly,  and  concluded  that  the  phenomena  ob- 
served were  due  to  the  presence  i^i  the  normal  substance  of  aouormal  aniso- 
trope portions,  which  last  owed  their  existence  to  a  tension  produced  at  the 
time  the  crystal  was  formed.  It  was  further  shown  by  von  Reusch  (ib.  cxxxii., 
6 18>  1867)  that  the  hypothesis  of  Biot  was  not  sufficient  to  explain  tne  observed 
facts  in  tne  case  of  alum.  He  also  took  up  the  view  of  Marbach,  and  follow- 
ing out  much  the  same  idea  as  that  of  Marbach,  reached  the  conclusion  that 
the  anisotrope  characters  of  isometric  crystals  were  due  to  the  condition  of 
internal  tension  existing  within  the  crystal.  As  bearing  upon  the  question 
he  proved  by  experiment  that  by  suitable  pressure,  in  the  case  for  examj^e 
of  alum  crystals,  the  double-refraction  could  bo  removed.  The  influence  of 
pressure  in  causing  double  refraction  was  early  investigated  by  F.  E.  Neu- 
mann (Pogg.  Ann.,  liv.,  449,  1841),  and  by  ^^Pfaff  (ib.,  cvii.,  333  ;  cviii., 
578,  1859).  The  subject  has  also  boon  discussed  by  Hirschwald  (Miiu 
Mitth.,  1875,  '.>-^7). 

More  recently  the  idea  of  internal  molecular  tension  as  a  cause  of  anoma- 
lous optical  characters  has  been  developed  by  Klocke,  Jannettaz,  Klein,  Ben 
Saudo  and  others,  as  more  particularly  described  later. 

In  1870  Mallakd  published  his  most  important  memoir  (Ann.  Min,, 
VII.,  X.,  60-190)  upon  this  subject,  in  which  he  not  only  gave  a  very  large 
number  of  new  facts  of  a  similar  nature,  but  also  advanceS  a  new  explana- 
tion which  has  been  warmly  accepted  bv  some  mineralogists.  He  regards 
all  the  indications  of  double-refraction  oDserved  in  apparent  isometric  crys- 
tals, and  analogous  variations  from  the  normal  character  in  crj'stals  of  otfier 
systems,  as  proof  that  the  form  is  only  apparently  isometric,  tetragonal,  and 
soon  {pseudo'isomctric,  pseudo-ietragonai,  etc.),  the  union  of  seveml  indi- 
vidual crystals  giving  rise  to  an  external  form  of  a  higher  grade  of  sjrmmetry 
than  that  which  they  themselves  possess.  On  his  view,  an  apparent  iso- 
metric cube  may,  in  fact,  be  a  combination  of  six  uniaxial  cr}'stals  ^count- 
ing two  parallel  a3  one,  in  fact  only  three  independent),  each  havmg  the 
form  of  a  square  pyramid,  united  so  that  their  bases  form  the  sides  of  the 
cube,  and  tneir  vertices  arc  combined  at  the  centre.  Again,  an  apparent 
regular  octahedron  may  be  made  up  of  eight  uniaxial  triangular  pyramids, 
similarly  placed  ;  a  doclecahedron  of  twelve  rhombic  pyramias  (boracite),  or 
perhaps  of  forty-eight  triclinic  triangular  pyramids,  the  bases  of  four  com- 
bining to  form  a  rhombic  face.  In  most  of  these  cases  the  optic  axis  coin- 
cides with  the  axis  of  the  pyramid. 

Mallard  thus  includes  among  pseudo-isometric  species  :  alum,  analcite, 
boracite,  fluorite,  garnet,  senarmontite  ;  among  pseudo-tetragonal  species : 
apophyllite,  mellite,  octahedrite,  rutile,  vesuvianite,  zircon;  9J£Long  pseudo* 
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Tiexagonal  species:  apatite,  beryl,  corundum,  penninite,  ripidolite,  tourma- 
line ;  pseudO'OrthorJiombic  species  :  harmotome,  topaz  ;  pseudo-monocUnic : 
orthoclase. 

Many  observations  similar  to  those  of  Mallard  have  been  made  bv  Beb- 
TRAKD  (in  Bull.  Soc.  Min.,  1878-1882),  who  applies  the  same  method  of 
explanation  to  them.  For  explanation,  Bertrand  has  described  crystals  of 
garnet  which  were  biaxial,  with  an  angle  of  about  90° ;  a  hexoctahedron 
being  made  up.  in  his  view,  of  forty-eight  triangular  pyramids,  four  to  each 

Eseudo-rhombio  pyramid.  Each  pyramid  is  biaxial,  with  the  acute  negative 
isectrix  nearly  normal  to  the  base,  and  the  axial  plane  coincides  with  the 
direction  of  the  hmger  diameter  of  the  rhombic  face.  Further,  apparent 
tetrahedral  crystals  of  romeite  are  regarded  as  formed  of  four  rhombohedrons 
of  120°,  placed  with  their  vertices  at  a  common  point.  Also  in  the  case  of 
romeite  the  octahedrons  are,  in  his  view,  formed  by  the  grouping  of  eight 
rhombohedral  crystals  of  90°  about  a  central  point.  The  above  will  sen'e  as 
illustrations.  Bertrand  has  extended  his  observations  over  a  considerable 
number  of  species,  and  the  explanation  given  by  Mallard  of  the  optical  phe- 
nomena just  described  is  strongly  sujiported  by  him,  a?  against  the  Mar- 
bach-Reusch  theory  of  molecular  tension,  more  minutely  described  below. 
Bertrand  urges  (Bull.  Soc.  Min.,  v.,  3,  1882)  that  a  true  doubly-refracting 
crystal,  whether  simple  or  a  complex  twin,  can  always  be  distinguished  from 
a  crystid  normally  isotrope,  but  modified  through  internal  tension  or  any 
other  caase.  The  difference,  he  states,  is  to  be  seen  in  parallel  polarizecl 
light,  where  the  former  will  show  a  distinctness  and  uniformity  of  character 
which  does  not  belong  to  the  latter  ;  still  more  clearly  in  converging  light, 
where  the  truly  doubly-refracting  crystal  shows  throughout  the  same  char- 
acters, each  fragment  into  which  the  section  may  be  broken  giving  the  iden- 
tical uniaxial  or  biaxial  figures  with  the  whole  ;  on  the  other  hand,  this  can- 
not be  true  of  the  different  parts  of  a  crystal  made  doubly-refracting  throuffh 
•'ome  cause,  as  contraction,  and  so  on.  As  illustrations  of  these  facts,  he 
appeals  to  boracite,  garnet,  pharmacosiderite,  etc.,  stating  that,  as  the  re- 
sult of  his  observations,  they  fall  into  the  former  class.  He  speaks  farther  of 
octahedrons  of  boracite  formed  of  twelve  biaxial  ciystals,  and  of  romeite 
formed  of  eight  uniaxial  crystals,  as  showing  that  the  internal  structure  is 
independent  of  the  external  form  ;  as  bearing  further  upon  this  point,  it  is 
statea  that  the  imperfect  crystals  of  the  garnet  rock  of  Jordansmiihl  uhov; 
the  same  twinning  of  biaxial  individuals  as  do  isolated  crystals  of  garnet, 
whose  external  form  is  complete.  But  reference  must  bo  made  to  the  obser- 
vations alluded  to  beyond,  which  do  not  entirely  support  the  conclusions  of 
Bertrand. 

This  subiect  has  been  discussed  by  Grattarola,  who  includes  calcite, 
quartz,  nephelite,  barite,  etc.,  in  the  list  of  species  which  have  an  apparent 
symmetry  nigher  than  that  which  really  beloncfs  to  them;  his  conclusions, 
however,  are  not  based  upon  observations  (Dell'  unita  cristallonomica  in 
Mineralogia,  Florence,  1€77). 

In  many  other  cases,  besides  those  mentioned  above,  observers  have,  on  the 
basis  of  variation  in  angles,  or  of  optical  characters,  reached  the  conclusion 
that  the  species  in  question  really  belongs  to  a  system  of  lower  symmetry  than 
that  to  which  it  has  been  ordinarily  referred.  For  example,  seeDes  Cloizeaux 
on  microcline  and  milarite  ;  Rumpf  on  apophyllito  (Min.  Potr.  Mitth.,  ii., 
369);  Becke  on  chabazite  (ib.,  li.,  391),  and  hessite  (ib.,  iii.,  301): 
Schrauf  on  brookite  (Ber,  Ak,  Wien,  Ixxiv.,  535  and  Z,  Kryst.,  i.,  274)  ana 
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other  species ;  Brezina  on  autunite  (Z.  Kryst,  iii.,  273);  Tschermak  on  the 
micas  (Z.  Kryst,  ii.,  14)  and  corundum  (Min.  Petr.  Mitth.,  ii.,  362) ;  and 
many  other  cases.  These  last  named  observations,  however,  do  not  generally 
admit  of  heing  explained  on  the  hypothesis  of  Mallard.  In  many  of  them  the 
conclusions  reached  are  beyond  doubt  correct,  in  others  the  question  must  be 
regarded  as  still  undecidea. 

Tschermak  proposes  the  terra  mimetic  for  those  forms  ("mimetischo  For- 
men  ").  which  imitate  a  higher  grade  of  symmetry  by  the  grouping  (twinning) 
of  individuals  of  a  lower  grade  of  symmetry,  as  for  example,  aragonitc ;  also, 
chabazite,  which,  according  to  Becke,  is  apparently  rhombohedral,  but,  in 
fact,  formed  by  a  complex  twinning  of  triclinic  individuals  (this  conclusion, 
however,  is  not  universally  accepted).  Ho  also  uses  the  term  pscudo-syni- 
metry  to  describe  the  phenomena  in  general  (ZS.  G.  Ges.,  xxxi.,  6b 7, 1879,  and 
Lehrb.  Min.,  p.  89  et  eeq.,  1881). 

The  explanation  of  the  optical  phenomena  referred  to  above,  which  was 
presented  by  Marbach  and  later  developed  by  Eciisch,  has  been  recently  still 
lurthcr  elaborated  by  Klocke  (J.  Min.,  1880,  i.,  63,  158),  Klein,  Jannettaz, 
Ben  Saudo,  Klocke*s  first  observations  were  made  upon  artificial  cr}'stals  of 
alum.  IIo  found  that  each  crystal  (contrary  to  earlier  statements)  showed 
donbly  refracting  properties  as  strongly  normal  to  an  octahedral  plane  as  in 
other  directions.  A  section  parallel  to  this  plane  was  divided  into  s.ji  sectors 
by  radial  lines  passing  from  the  angles  to  the  centre  ;  the  directions  oi  extinc- 
tion in  each  sector  being  ||  (parallel)  and  J_  (perpendicular)  to  its  outer  edge, 
these  directions  consequently  coinciding  for  each  pair  of  opposite  sectors. 
These  sectors  behaved  as  if  made  up  of  bands  in  a  state  of  tension  parallel  to 
their  longer  direction  ;  a  similar  result  was  obtained  by  subjecting  a  six-sided 
octahedral  and  isoirope  alum  section  to  pressure  perpendicular  to  two  of  its 
edges.  He  found  further  that  all  the  sections  of  the  same  crystal,  independ- 
ent of  the  crystallographic  orientation,  were  alike  as  regards  "the  direction  of 
the  tension,  and  that  all  crystals  made  at  the  same  time,  that  is,  under  the 
same  conditions,  yielded  identical  recultr. ;  but  this  vras  not  true  of  crystals 
made  at  different  times.  Further  it  was  found  that  the  distortion  peculiar  to 
the  crystnl  exerted  an  essential  clTcct  upcn  the  number  and  arrangement  of 
the  optical  sectors,  and  that  tlio  pocition  which  the  crystal  occupied  in  the 
vessel  during  its  formation  was  also  an  important  factor. 

Later  tho  same  author  (J.  Min.,  1881,  li.,  249)  has  extended  his  observa- 
tions to  sorao  of  the  species  exhibiting  pseudO'Syinmetry.  He  shows,  among 
otl^.cr  results,  that  pressu/e  exerted  normal  to  the  vertical  axis  of  a  section  of  a 
tetragonal  or  hexagonal  crystal  which  has  been  cut  JL  c  (vert. ),  changes  the  uni- 
axial interference  figuro  into  a  biaxial,  and  with  substances  optically  positive, 
the  plane  of  tlio  optic  axes  is  i)arallel,  and  with  negative  substances  normal, 
to  the  direction  of  pressure.  This  was  observed  on  sections  of  vesuvianite 
and  apophyllito  which  exhibited  uniaxial  portions.  Many  sections  are  divided 
into  four  optical  fields  (biaxial)  with  the  axial  plane  perpendicular  to  the 
edge.  The  behavior  of  each  field  in  a  section  of  apophyllite  consequently  is 
(optically  4  » ci^o  above)  as  if  in  a  state  of  tension  parallel  to  the  adiacent  com- 
bination-edge with  the  prism ;  but  with  vesuvianite  (optically  — )  the  direc- 
tion of  tension  is  j)orpendicular.  This  explanation  is  supported  by  the  fact 
that  pressure  exerted  in  the  proper  direction  serves,  in  accordance  with  the 
above  principles,  respectively  to  incroaic  or  diminish  tho  axial  angle.  The 
author  also  succeeded  in  obtaining  axial  interference  figures  visible  in  con- 
verging polarized  light  in  'rehitine  sections  when  under  pressure ;  the  same 
phenomenon  in  parallel  light  had  been  earlier  observed. 
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On  the  observations  of  Jannettaz,  showing  the  effect  of  internal  tension 
in  causing  double-refraction,  see  Bull.  Soc.  Min.,  ii.,  124;  ii.,  191 ;  ill,  20. 

The  i-esults  of  the  observations  of  Klein  (J.  Min.,  1880,  ii.,  209  ;  188!, 
i.,  239)  on  boracite  have  an  important  bearing  upon  this  subject.  A3  ctaterl 
above,  it  is  included  by  Mallard  among  the  pseudo-isometric  species.  Basing 
his  results  more  especially  upon  the  examination  of  crystals  of  dodecahedral 
habit.  Mallard  concluded  that  tiie  apparent  simple  form  is  made  up  of  twelve 
rhombic  pyramids  whose  basal  planes  form  the  twelve  faces  of  the  dodecahe- 
dron. Baumhauer,  on  the  basis  of  results  of  etching  experiments,  more  par- 
ticularly on  crystals  of  octahedral  habit,  concluded  that  the  species  was  or- 
thorhombic,  the  apparent  simple  form  being  made  up  of  six  individuals  whoso 
bases  would  coincide  with  the  cubic  planes  (p.  187).  The  observations  of 
Klein  show  that  the  structure  of  the  crystals  of  different  habits  var}' — some 
agreeing  with  the  scheme  of  Mallard — some  with  that  of  Baumhauer ;  he 
shows,  however,  very  conclusively  (as  it  seems  to  the  writer)  that  this  appa- 
rently complicated  structure  is  probably  due  to  internal  tension  produced 
during  the  growth  of  the  crystals.  Crystallographically  there  is  no  variation 
in  an^le  from  the  requirements  of  the  isometric  system  to  be  observed.  In 
regard  to  the  optical  characters,  he  shows  that  the  interior  optical  structure 
does  not  correspond  to  the  exterior  planes ;  that  the  etching  figures  do  not 
correspond  to  the  optical  limits;  that  a  change  of  temperature  alters  the 
relative  position  of  the  optical  fields  without  influencing  the  form  of  tlio 
etching  figures  ;  that  the  differently  orientired  optical  portions  lose  their 
sharp  limits,  they  change  their  position  relatively,  some  disappearing  in  part 
or  whole,  and  others  appearinor.*  Klein  has  also  made  a  series  of  optical 
studies  on  garnet  (Nachr.  Ges.  AViss.  Gottingen,  June  28,  1882),  and  after  a 
review  of  the  whole  subject  decides  in  favor  of  the  true  isometric  character  of 
the  species  ;  the  double-refraction  phenomena  observed  being  due  to  secondary 
causes. 

Bex  Saude  (J.  Min.,  1882,  i.,  41)  has  investigated  analcite,  and  arrived  at 
the  conclusion  that  with  it  also  the  abnormal  optical  characters  are  to  be  ex- 
plained by  internal  molecular  tension.  He  shows  that  the  crystals  are  formed 
of  different  optical  parts,  in  combinations  of  30  with  the  cube  and  tnipezo- 
hedron  together,  and  24  for  the  trapezohedron  alone,  the  form  of  which 
changes  as  the  outer  surfaces  of  the  crystals  change.  The  structure  can  be 
explained  in  this  way,  as  made  up  of  pyramids  going  from  each  plane  to  the 
middle  of  the  crystal  having  the  plane  as  its  base,  with  as  many  sides  as  there 
are  edges  to  tlie  plane;  as  the  outer  form  changes  the  optical  structure 
changes  correspondingly  ;  every  edge  cori'esj)onds  to  an  optical  boundary,  and 
every  plane  to  an  optical  field.  All  these  double-refraction  phenomena  are 
explained  as  due  to  secondary  causes.  Moreover,  the  author  lias  proved  that 
gelatine  cast  into  the  form  of  the  natural  crystals  has  on  solidifying  an  analo- 

*A  memoir  by  Mallard  (Bull.  Soc.  Min.,  v.,  144,  1882)  upon  the  effect  of  heat  upon  bo- 
racite crystals  was  I'eeeived  just  as  these  pa;;es  were  going  to  jiress.  Mallard  details  the 
results  of  numerous  experiments,  and  concludes  that  the  effect  of  heat  d(X3s  not  modify  the 
form  of  the  elli|>soid  of  elasticity,  nor  the  position  of  the  six  different  orientations  which  it 
can  have  ;  it  only  modifies  the  choice  made  by  each  of  the  crystal  sections  between  the  six 
orientations.  From  this  it  is  concluded  that  this  ellipsoid  is  in  fact  characteristic  of  the 
crystalline  rtseau  of  the  species,  and  that  the  apparent  isometric  synnnetry  is  due  to  the 
method  of  grouping  alluaed  to.  Analogous  results  were  obtained  with  crystals  of  potas- 
sium sulphate  (orthorhombic,  pseudo-hexagonal  like  aragonite).  and  the  conclusion  is  drawn 
from  this  that  a  perfect  analogy  exists  between  the  so-called  pseudo-isometric  crystals  and 
the  pseudo- hexagonal. 
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gous  optical  structure,  showing  the  same  sections,  the  same  directions  of  light- 
extinction,  and  under  favoring  conditions  the  same  position  of  the  optic  axes. 
Ben  Saude  has  also  examined  perofskite  (Gekriinte  Preisschrift  der  Uni versitat 
Gottingen,  1882)  from  the  same  standpoint,  with  reference  to  the  etching- 
figures  and  optical  plienomena.  He  concludes  that  it  is  to  be  referred  to  tl;o 
isometric  system,  and  that  the  double  refraction  is  to  be  explained  as  caused 
by  changes  in  the  original  position  of  equilibrium  produced  in  the  growth  of 
tfie  crystals.  This  conclusion,  however,  is  at  variance  with  the  results  of 
the  observations  of  others. 
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AIiNEBALS  are  cither  the  uncoinbined  elements  in  a  native  state,  or  com 
pounds  of  these  elements  formed  in  accordance  with  chemical  laws.  It  ia 
the  obiect  of  Chemical  Mineralogy  to  determine  the  chemical  composition 
of  each  species  ;  to  show  the  chemical  relations  of  different  species  to  each 
other  where  such  exist ;  and  also  to  explain  the  methods  of  distinguishing 
different  minerals  by  chemical  means.  It  thus  embraces  the  most  import- 
ant part  of  Determinative  Mineralogy. 


Chekical  CoNSTnunoN  of  Minerals. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some 
knowledge  of  the  fundamental  principles  of  Chemical  Philosophy  id 
required  ;  and  these  are  here  briefly  recapitulated. 

Chemical  elements. — Chemistry  recognizes  sixty-four  substances  which 
cannot  be  decomposed,  or  divided  into  others,  by  anv  processes  at  pi-esent 
know^n ;  these  substances  are  called  the  chemical  elements.  Or  these 
oxygen,  hydrogen,  and  nitrogen  are  fixed  gases;  chlorine  and  fluorine  are 
generally  gases,  but  may  be  condensed  to  the  liquid  state ;  biiomine  is  a 
volatile  liquid ;  and  the  rest,  under  ordinary  conditions,  quicksilver  excepted, 
ai-e  solids.  Of  these  last  carbon,  phosphorus,  arsenic,  sulphur,  boron,  (tel- 
lurium), selenium,  iodine,  silicon,  generally  rank  as  non-metallic  elements, 
and  the  others  as  metallic.''^ 

MoUcules  ;  Atoms. — By  a  molecfule  is  understood  the  smallest  portion  of  a 
substance  w^hich  possesses  all  the  propeities  of  the  matter  itself ;  it  is  the 
smallest  division  into  which  the  substance  can  be  divided  without  loss  or 
change  of  chai-acter.  The  molecule  of  water  is  the  smallest  conceivable 
particle  which  can  exist  alone,  and  which  has  all  the  pi*operties  of  water. 
An  atom,  is  the  smallest  mass  of  each  element  which  enters  into  combina- 
tion with  others  U>  form  the  molecule.  Thus  two  6kem,iml  units,  or  atoms, 
of  hydrogen  unite  with  one  atom  of  oxygen  to  form  the  jphysical  unit,  or 
molecule,  of  water. 

Atomic  weights. — The  relative  weights  of  the  chemical  units,  or  atoms, 
of  the  different  elements  are  their  atomic  weights.     For  the  sake  of  nuU 

• 

*  Recent  investigations  have  added  a  considerable  number  of  supposed  new  elements 
to  the  list  on  the  foUowing  page. 
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fonnity  the  atom  of  hydrogen,  the  lightest  of  all  the  elements,  has  been 
adopted  as  the  standard  or  nnit.  The  absolute  weight  of  the  atoms  cannot 
be  determined  ;  but  tlieir  relative  weight  can  in  many  cases  be  lixcd  beyc»nd 
question.  When  the  elements  are  gases,  or  form  gaseous  coniiH^unds,  the 
atonn'c  weights  are  determined  directly.  Thus  in  hydrochloric  acid  gas 
there  are  equal  volumes  of  hydrogen  and  chlorine,  or,  chemically  expressed, 
one  atom  of  hydrogen  combines  with  one  atom  of  chlorine  ;  by  analysis  it 
is  found  that  in  100  parts  there  arc  2*74  by  weight  of  hydrogen,  and  97*26 
of  chlorine  ;  hence  if  hydrogen  be  taken  as  the  unit,  the  atomic  weight  of 
chlorine  is  35-5,  since  2-94: :  97-26  =  1  :  35-5. 

.Where  the  elements,  of'  their  compounds,  are  not  gases,  the  atomic  weightB 
are  deter?nined  more  or  less  indirectly,  and  are  sometimes  not  entirely  rree 
fi-om  doubt.  The  analysis  of  rock-salt  gives  us,  in  100  parts,  60*68  parts  of 
chlorine,  and  39'32  parts  of  sodium  ;  now  if,  as  is  believed,  the  immber  of 
units  of  each  element  involved  is  the  same,  or  in  other  words,  if  the  mole- 
cule consists  of  one  atom  each  of  chlorine  and  sodium,  then  the  atomic 
weights  will  be  as  60*68  :  39*32  ;  or  36-5  :  23,  since  that  of  chlorine  =  35-5. 
Hence  the  atomic  weight  of  sodium  is  23,  when  referred,  like  chlorine,  to 
that  of  hydro^^en  as  tlie  unit.  There  is  an  assumption  in  such  cases  as  to 
the  number  of  units  of  each  element  involved  which  mav  intn)dnce  doubt, 
so  that  other  methods  are  applied  which  need  not  be  here  detailed. 

The  following  table  gi  ves  the  atomic  weights  of  the  elements.  The  symbols 
used  to  represent  an  atom  of  each  element  are  shown  in  the  table ;  in  most 
cases  thev  are  the  initial  letter  or  letters  of  the  Latin  name.  When  more  tlian 
one  atom  is  involved  in  the  formation  of  a  compound,  it  is  indicated  by  a 
small  index  number  placed  below,  to  the  right :  as  Sb20,j,  which  signifies  ^ 
of  antimony  to  3  of  oxygen. '  The  quantity  by  weight  of  any  element  enter- 
ing into  a  compound  is  always  expressed  either  by  the  atomic  weight  or 
Boujo  multiple  of  it ;  hence  the  atomic  weights  are  strictly  the  commjiing 
weights  of  tlie  different  elements. 
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Aluminum 

Al 

27-3 

Cobalt 

Co 

59 

Antimony 

Sb 

122 

Columbium  (Niobium) 

Cb   (Nb) 

94 

Arsenic 

Ar 

76 

Copper 

Cu 

68-4 

Barium 

Ba 

137 

Didymium* 

D 

96-5 

Bismuth 

Bi 

208 

Erbium 

£ 

112-6 

Boron 

B 

11 

Fluorine 

F 

J9 

Bromine 

Br 

80 

Gallium 

Ga 

69*8 

Cadmium 

Cd 

112 

Glucinum  (BeryUium) 

G    (Be) 

9 

Capwium 

Cs 

133 

Gold 

Au 

196 

Calcium 

Ca 

40 

Hydrogen 

H 

1 

Carbon 

C 

12 

Indium 

In 

118-4 

Cerium* 

Ce 

02 

Iodine 

I 

127 

Chlorine 

CI 

35-6 

Iridium 

It 

198 

Chromium 

Cr 

52 

Iron 

Fe 

56 

*  By  the  determination  of  the  specific  heats  of  cerium,  didymium,  and  lanthannm,  Dr. 
Hillebrand  bos  shown  recently  that  the  oxides  of  the  three  metala  are  sesquioctideg  (Oe«0», 
Di«Ot,  La^Oa),  and  correspondingf  to  them  the  atomic  weights  should  be  Ce  =  188i|  Di  « 
144-8,  La  =  139.     (Pogg.  Ann.,  dviii.,  71,  1876.) 


Lmthanmn 

Lead 

Lithiam 

Magnenam 

Manganese 

Mercury 

Molybdenum 

Nicke] 

Nitrd^en 

Osmium 

Oxygen 

Palladium 

Phospborufl 

Pla^num 

Potassium 

Rhodium 

Rubidium 

Ruthenium 
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ly.-i 

La 

Selenium 

Se 

79 

Pb 

207 

Silver 

Ag 

108 

Li 

7 

Silicon 

Si 

28 

Mg 

24 

Sodium 

Na 

23 

Mn 

65 

Strontium 

Sr 

88 

Hg 

200 

Sulphur 

8 

»2 

Mo 

96 

Tantalum 

Ta 

183 

Ni 

59 

Tellurium 

Te 

128 

N 

14 

ThaUium 

Tl 

204 

Os 

200 

Thorium 

Th 

281 

0 

16 

Tin 

Sn 

118 

Pd 

106 

Titanium 

Ti 

50 

P 

31 

Tungsten 

W 

184 

Pt 

198 

Uranium 

U 

240 

K 

39 

Vanadium 

V 

51-4 

Ro 

104 

Yttrium 

Y 

er? 

Rb 

85-4 

Zinc 

Zn 

65 

fin 

104 

Zircomum 

Zr 

90 

Atomicity;  Quantivalence, — The  combining  power  of  each  clement  is 
measured  by  the  number  of  hydrogen  atoms  with  wliicli  it  combines  in 
fonning  a  chemical  compound.  In  hydrochloric  acid  (HCl),  one  atom  of 
hydrogen  combines  with  one  of  chlorine ;  in  water  (IXjO),  two  atoms  of 
hydrogen  combine  with  one  of  oxygen  ;  in  ammonia  (HgN),  three  atoms  of 
hydrogen  combine  with  one  of  nitrogen  ;  and  in  marsh  gas  (II4C),  four 
atoms  of  hydrogen  are  required  to  enter  into  combination  with  one  carbon 
atom. 

By  the  examination  of  compoimds  of  all  the  elements  we  are  able  to  fix 
the  combining  power,  or  quantivalence^  of  each,  expressed  in  hydrogen 
units.  All  those  elements  which  combine  with  one  atom  of  hydrogen,  or 
an  element  which  (like  chlorine)  has  the  same  quantivalence,  are  called 
monads  /  those  which  require  two  of  hydrogen,  or  two  other  monad  atoms, 
in  forming  the  compound,  are  called  dyads  ;  those  uniting  witii  three  atoms 
(')f  hydrogen  are  called  triads  ;  and  similarly  tetrads^ pentads^  hexadsy  and 
hevtads. 

The  adjective  terms  univalent^  bivalent^  trivalentj  quadrivalent,  etc.,  are 
also  employed  with  similar  meaning.  Atoms  having  the  same  degree  of 
quantivalence  are  said  to  be  equivalent;  this  is  true  of  Na  and  Jk,  both 
monads  and  they  may  replace  each  other  in  similar  comiX)unds;  but  it 
requires  two  sodium  atoms  to  be  equivalent  to  one  calciimi  atom,  since  the 
latter  is  a  dyad. 

The  degieo  of  quantivalence  may  vary  for  many  of  the  elements  in 
difFere?)t  comix>unas;  for  example,  in  FeO  or  FeS,  iron  (Fe)  is  bivalent, 
since  it  satisfies  or  is  combined  with  simply  a  dyad  ;  in  FeSg,  it  is  quadri- 
valent, since  it  is  united  to  two  atoms  of  a  dyad ;  and,  similarly,  in  [FeaJOj 
it  is  sexivalent  (for  the  double  atom). 

Perissads;  Artiads, — Those  elements  whose  atoms  have  an  odd  quanti 
valence  fl.  Ill,  V,  or  VII),  are  cMed  pef*issads  ;  those  whose  quantivalence 
is  even  (11,  IV,  VI)  are  called  artiaas.  These  terms,  perissad  and  artiad, 
are  derived  from  irepyrao^  and  apTLO<;^  the  words  for  odd  and  even  in 
Ancient  arithmetic  The  following  table  gives  the  division  of  the  ele- 
ments into  these  two  classes,  and  shows,  also,  the  quantivalencp  of  each  ele 
ment:  .^ 
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PRBieeADa 

t£onad$: — 
Hydrogen. 

Fluorine. 

Chlorine,  T,  ni,  V,  VIL 

Bromine,  I,  IH,  V,  Vn. 

Iodine,  I,  ni,  Y,  VIL 


ARTLADfl. 


Lithiam. 

Sodium, 

Potassium, 

Rubidium. 

Gnsinm. 


I,  m. 
I,  m,  V. 


Silver,  I,  IIL 

Thallium,  I,  III. 

Triads  ;— 

Nitrogen,  I,  III,  V. 

Phosphorus.  I,  III,  V. 

Arsenic,  I,  III,  V. 

Antimony,  III,  V. 

Bismuth,  III,  T. 


Dl*ads  : — 
Oxygen. 

Sulphur,  II,  IV,  VL 
Selenium,  II,  IV,  VL 
Tellurium,  II,  FV,  VI. 

Calcium,  II,  IV. 
Strontium,  II,  IV. 
Barium,       U,  IV. 

Magnesium. 

Zinc. 

Cadmium. 

Glucinum. 

Yttrium. 

Cerium. 

Lanthanum. 

Didymlnm. 

Erbium. 

Mercury   [Hg,]",  IL 

Copper      [Cu,]",  IL 


Tetrads  .•-* 

Carbon,  iC  IF« 
Silicon. 

Titanium,  Q,  IV. 

Tin,  II,  rV. 

Thorium, 
Zirconium. 

Platinum,  II,  IV. 

Palladium,  II,  IV. 

Lead,  n,  IV. 
Indium. 

Heands:^ 

'  Molybdenum,  II,  TV,  VI 

Tui^ten,  IV,  Vt 

Ruthenium,  II.  IV,  VI 

Rhodium,  II,  IV,  VL 

Iridium,  II.  rV,  VI. 

Osmium,  II,  IV,  VI. 

Aluminum,  IV,  [AUp. 

Chromium,  II,  IV,  VX 


Manganese, 

n,  IV,  VL 

Iron, 

II,  IV,  VL 

Cobalt, 

II,  IV. 

Nickel, 

IL  IV. 

Uranium, 

n,iv. 

BoroD. 

Ckdd,  I,  in. 

Pentads : — 

Columbium. 
Tantalum. 

Vanadium,         III,  V. 

Tlie  general  divisions  of  chemical  compounds  now  accepted  are  as  fol- 
lows. 

1.  JBriiaries,  where  the  atoms  are  directly  united.  Examples  are  given 
by  the  compounds  of  a  positive  (basic)  element  with  oxygen  (Na^O,  CaO, 
CO2),  called  oxides  /  those  with  sulphur,  chlorine,  bromme,  iodine,  etc., 
called  8u/j)hides,  chlorides,  etc.  Binary  compounds  of  a  negative  element 
with  hydi-ogen  (as  HCl,  IlBr)  fonn  acids. 

2.  Ternarlesj  where  the  atoms  are  united  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaS04,  Mg2Si04,  etc. 

Among  minerals  there  are  three  classes  of  compounds :  (1)  The  Native 
Elements  ;  (2)  Binary  compounds,  including  the  smphides^  oxides^  chlorides^ 
iodideSy  fluorides  ;  (3)  Ternary  comixjunds,  incluaing  sidj^h^arsetiites^  etc*, 
hydrates  (hydrated  oxides),  silicates^  UKjstly  salts  of  the  acids  ll4Si04  and 
ll^SiOa,  tantalates,  columbates,  phosphates,  arsenates,  sulphates,  chromatcs, 
carbonates,  etc.  The  full  enmneration  of  these  compounds,  with  their  gen- 
eral chemical  formulas,  are  given  in  the  synopsis  wiiich  precedcB  the 
Descriptive  Mineralogy. 

Tlie  j}o$ition  of  water  in  the  composition  of  ininei^aXs, — Many  minerals 
lose  water,  esi>ecially  upon  the  application  of  heat.  With  some  of  these  it 
is  given  off  upon  mere  cxposuie  to  dry  air  at  ordinary  temperature,  and 
such  crj'stals  are  said  to  effloresce  ;  others  lose  water  when  they  are  placed 
i*i  a  desK'cator  over  sulphuric  acid,  or  when  they  arc  subjected  to  a  slightlj 
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elevated  temperature ;  with  others,  again,  a  greater  heat  is  reanired ;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continued  heating  at  a 
ver}^  high  temperature.  Tt  is  evidently  possible  that  cither,  (1)  the  mineral 
contains  water  as  suc-.h,  or  (2)  the  water  is  formed  by  the  pixKiess  of  decom- 
position caused  l>y  the  application  of  heat.  In  the  cases  first  mentioned, 
where  water  is  readily  given  off,  it  is  believed  that  the  water  actually  exists 
as  such  in  the  compound.  It  is  found  that  maoy  salts  take  up  water  when 
they  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the 
temperature  at  .vhich  the  salt  is  formed;  this  water  is  called  water  of 
crystallisation.  For  example:  manganous  sulphate  has  three  definite 
amounts  of  this  water  of  cn'stallization,  according  to  the  tempemture  at 
which  it  has  betiu  formed.  When  crystallized  below  7*^,  its  composition  is 
MnS04  +  7Il20;  between  T  and  20°,  MnSO^  +  SHaO;  and  between  20° 
and30°,  Mnb04  4-4H20. 

In  those  cases  where  a  very  high  temperature  is  required  to  make  a  loss 
of  water,  it  is  quite  certain  the  water  has  no  place  as  such  in  the  origimil 
constitution,  but,  on  the  contrary,  that  the  mineral  contains  basic  hydrogen, 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
is  yielded  at  a  low  and  the  rest  at  a  very  high  temperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  which  the  water  plays  in  the  two 
cases  ;  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  water,  while  the  remaining  1  molecule  is  given  off  only  at  a  tem- 
perature between  300°  and  400° ;  from  this  it  is  concluded  that  in  the 
latter  case  the  elements  forming  the  water  exist  actually  in  the  salt,  and 
that  it-s  composition  is : 

II,Na4P308+24aq. 

The  part  played  by  the  water  in  the  silicates  is  in  most  cases  still  unde- 
cided, though  in  many  species  the  hydrogen  is  undoubtedly  basic.  The 
latter  is  doubtless  true  of  many  of  the  so<;alTed  hydrous  silicates.  The  views 
commonly  held  in  regard  to  them  will  be  gathered  from  the  descriptive  part 
of  this  work. 

Chemical  formulas  for  mineral's, — A  chemical  formula  expresses  the 
relative  amounts  of  the  different  elements  present  in  the  compound,  in 
terms  of  their  atomic  weights — or,  in  other  words,  more  strictly  the  number 
of  atoms  of  each  element  in  a  given  molecule  with  or  without  the  expression 
of  their  probable  grouping. 

Empirical  formvl/is  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  the  number  of  atoms  of  each  element  present  without  any 
theoretical  'jonsiderations.  For  example,  the  empirical  formula  of  epidpte 
is  SieAl3C&4Fl20a6. 

The  object  of  the  rational  formulas  is  to  express  not  only  the  number  of 
atoms  of  ea(;h  element  present,  but  also  their  pi'obable  metnod  of  grouping, 
and  relati(m  to  each  other,  in  the  molecule.  These  are  called  tt/picaZ  for- 
mida6  when  the  attempt  is  made  to  arrange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

In  the  rational  formulas  of  the  old  chemistry  the  oxygen  (or  sulphur) 
was  apportioned  to  the  several  elements,  according  to  their  coiabiuing 
power,  and  the  basi^;  and  acid  oxides,  or  sulphides,  thus  obtained  were  writ- 
ten consecutively.     For  example,  the  formula  of  woUastonite  (calcium  sili* 
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catc),  according  t  >  the  old  dnalistic  method,  was  written  CaO,  SiO,,  and 
of  anhydrite  (calcium  sulphate),  CaO,  SOa.  The  principles  of  the  new 
chemistry  have  set  aside  these  rational  formulas  ;  but  as  othoi's  consistent 
with  the  new  principles  now  adopted  have  not  in  all  cases  been  accepted, 
it  is  customary  to  give  the  formulas  of  minerals  empirically.  For  those 
above  the  empirical  foi'mulas  are  CaSiOs  and  CaS04. 

Relation  between  the  old  and  neio  systems, — The  points  of  difference 
between  the  old  and  new  chemistry  have  already  been  hinted  at.     The 

Srincipal  changes  which  have  been  introduced  by  the  latter  are :  (1)  The 
oubling  of  all  the  atomic  weights,  except  those  of  the  monad  elements, 
and  also  of  bismuth,  arsenic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  BinOg,  instead  or  BiOg,  etc.  G^rresponding 
to  this  change,  binary  compounds  involving  the  monad  elements  are  writ- 
ten :  II2O  instead  of  IlO,  IsajO  for  NaO,  NagS,  etc.,  also  CaClg  instead  CaCl, 
SiF4  instead  of  SiFa,  and  so  on.  (2)  The  method  of  viewing  the  composi- 
tion of  tei-nary  compounds — these  being  now  regarded  not  as  comj>ound3 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  most  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  ia 
believed  to  be  replaced  by  another  metal,  not  one  oxide  by  another.  Hence 
we  say  calcium  carbonate,  or  carbonate  of  calcium  instead  of  carbonate  of 
lime,  and  write  the  formula  CaCOg,  not  CaO,  COg ;  and  so  in  the  other 
cases. 

Rejplacirhg  power  of  the  different  elements. — It  has  been  mentioned 
that  tlie  replacing  power  of  the  elements  is  in  proportion  to  their  cx)mbining 
power,  that  is,  to  their  quantivalence.  For  example,  one  atom  of  Mg  (  r 
of  Ba  may  replace  one  atom  of  Ca,  all  being  dyads  ;  but  two  atoms  ot  Na 
(monad)  are  required  to  replace  one  of  Ca ;  similarly  three  dyad  atoms  arc 
equivalent,  or  may  replace,  one  hexad  atom,  thus,  3Ca  =  [AI2]. 

The  I'elation  of  the  different  oxides  may  be  underetood  from  the  follow- 
ing scheme,  in  which  the  above  principle  is  made  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides.  B  the  same  divided  each  by 
its  number  of  atoms  of  oxygen  (that  is,  severally,  for  the  successive  terms, 
by  1,  3,  2,  5,  3,  7,  4),  by  which  division  they  are  reduced  to  the  protoxide 
fonn.     C  the  basic  elements  alone : 


A 

RO 

R»0» 

R0» 

R*0» 

R0» 

R«0' 

R()* 

JB 

RO 

R»0 

R*0 

R»0 

R*0 

R»0 

Rio 

C 

R 

R» 

Ri 

R» 

R* 

R» 

R* 

According  to  the  above  law  the  R,  "R*,  R*,  etc.,  in  the  last  line,  are  muta* 
ally  replaceable.  1  for  1,  though  varying  in  atomic  weight  from  1  to  i. 
They  re]>resont  different  states  in  which  elements  may  exist,  and  have,  to  a 
ctertain  extent,  ii>de]>endent  element-like  relations.  In  some  cases,  as  in 
iron,  four  of  these  states  are  represented  in  a  single  element,  the  compounds 
(I)  FeO,  FeS,  (2)  Fe^O^,  (3)  FeS^,  (4)  FeO^  containing  this  metal  in  fom 
states  Fe,  Fc»,  Fe»,  Fe». 

The  use  of  the  fractions  can  be  avoided  by  multiplying,  instead  of  divid- 
ing, thus,  Fe*  of  Fe^l*  replaces  Fe  of  Feb,  we  might  have  said,  2Fe  of 
Fe«0«  replaces  3Fe  of  FeO  (Fe'O*,  Fe'0«),  and  so  for  the  others. 

Those  different  states  of  the  elements  are  best  designated  in  the  aymboU 
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by  the  Oreek  letters  a,  Py  etc.,  tlias  avoiding  all  ocnf  usion.    The  above 
Hues  A,  B,  0  then  become 


A 

aRO 

3y8RO 

27RO 

5SRO 

3eR0 

7^0 

417RO 

B 

aRO 

/8RO 

7RO 

SRO 

eRO 

?R0 

17RO 

0 

aR 

>9R 

7R 

8R 

eR  ' 

?R 

17R 

By  means  of  this  system  all  the  diflferent  oxides  may  be  reduced  to  tho 
common  protoxide  form,  and  thus  the  true  relations  of  the  silicates  may  bo 
clearly  expressed.  This  is  exhibited  in  the  formulas  for  the  silicates  given 
in  Dana^s  System  of  Mineralogy  (186S). 

Calculation  of  a  formula  Jrom  an  analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  ele- 
ments themselves,  or  of  their  oxides  or  otlier  compounds  obtained  in  the 
chemical  analysis.  In  order  to  obtain  the  atomic  proportions  of  the  ele- 
ments :  Divide  the  percentages  of  the  elements  by  the  respective  atomic 
WEIGHTS ;  or,  for  these  of  the  oxides :  Divide  the  percentage  amounts  of 
each  by  their  molecular  weights  ;  then,  find  the  simplest  ratio  in  whole 
nnmffersfor  tJve  numbers  thus  obtained. 

Kcavij)i4is. —  A.n  analysis  of  bournonite  from  Meiseberg  gave  Kammels- 
berg :  Lead  (Pb)  42-88,  copper  (Cu)  13-06,  antimony  (Sb)  24-34,  and  sul- 
phur (S)  19-76  =  100-04.  Dividing  .each  amount  by  its  atomic  weight  we 
obtain : 

^:^  -  .207 .       ^^^  -  .206  •       ?^*  -  -217  •      1^  -  -6175 

Tho  atomic  ratio  is  hence:— Pb  :  Cu  :  Sb  :  S  =  -207  :  -206  :  -217  :  -6175; 
that  is,  1-005  :  1  : 1-053  :  2-998,  or  in  whole  numbers,  1:1:1:3.  The 
empirical  formula  is  consequently  CuPbSbSs. 

An  analysis  of  epidote  from  Untersulzbach  gave  Ludwig : 

SiOj        AlOg        FeO,        FeO        CaO        H,0 

37-83       22-63        1502        0-93        23-27       2-05  =  101.73. 

From  the  results  of  the  analysis  given  in  this  form,  the  percentago 

amount  of  each  element  raav  be  calculated  in  the  usual  way  ;  we  obtain : 

Si  17-65,  ±\  1206,  Fe-10-51,  FeO  072,  Ca  16-62,  H  0.23,  O  4364.     The 

number  of  atoms  of  each  element  may  be  calculated  from  tlie  last  given 

17'65 
percentages  by  dividing  each  by  the  atomic  weight,  that  is  =  -630 

12*06 
for  Si,     ^^    =  0-22  for  Al  (=  Alj),  etc.  Or,  the  percentage  amounts  of  each 

oxide  may  be  divided  by  its  molecular  weight,  and  the  result  will  be  the  same ; 

37*83 
for  SiO^  the  molecular  weight  is  60  (28-f-2xl6),  hence,  ^-^  =  -630  aa 

22-63  ^^ 

before ;  also  for  Al,  103  (=  2  x  275  +  3  x  16),  and  -j^-  =  0-22,  etc.      Thf 

atomic  proportions  thus  obtained  are : 
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8i  Al  Fe  Fe  Ca  H  O 

0-630        0-220        0-094        0-013        0416        0-230        2-727,  ot  simplj 

-314  0-428 

6  2-99  4-07  2-2  25*79,    or  again, 

6  3  4  2  26. 

The  empirical  formula  is  consequently  SieA:l3Ca4H,028.  As  in  the  above 
case,  it  is  necessary,  when  very  small  quantities  only  of  certain  elements 
arc  present,  to  neglect  them  in  tlie  final  formula,  reckoning  them  in  with 
the  elements  which  they  replace,  tliat  is,  with  those  of  the  same  quantiva- 
lence.  The  degree  of  correspondence  between  the  analysis  and  the  formula 
deduced,  if  the  latter  is  correctly  assumed,  depends  entirely  upon  the  accuracy 
of  the  former. 

Qitantivalent  Hatio. — In  the  chemical  constitution  of  most  minerals 
there  exists  a  strong  distinction  between  the  basic  and  acidic  elements,  and 
this  relation,  in  the  case  of  substances  of  complex  charjicter,  is  often  fixed 
when  otherwise  the  composition  is  exceedingly  varied.  In  the  dualistic 
formulas  of  the  old  chemistry  this  relation  was  expressed  in  the  "  oxygen^ 
ratio^^  which  gave  the  ratio  between  the  number  of  oxygen  atoms  belong- 
ing respectively  to  the  bases,  protoxide  and  sesquioxide,  and  to  the  acid. 
The  expression,  "  oxygen-ratio,"  is  not  in  harmony  with  the  present  method 
of  viewing  chemical  compounds,  and  the  term  has  consequently  been,  to 
some  extent,  abandoned  ;  the  same  relatiqu,  however,  between  the  different 
classes  of  elements  still  exists,  but  the  ratio  must  be  regarded  as  that  exist- 
ing between  the  total  quanti valences  of  each  group  of  elements,  and  hence 
may  be  called  the  QuAirrivALENT  Ratio.* 

The  old  formula  for  all  the  members  of  the  garnet  family  is  3]fe,  3fe,  3Si 

=  3R0,  ROg,  3Si()2,  and  the  oxygen  ratio  for  R  :  R  :  Si  =  1  :  1  :  2,  or  for 

bases  to  silica,  1  :  1.     Here  R  may  be  either  Ca,  Mg,  t'e,  liln,  or  Cr,  and  S 

either  Al,  Fe,  Or.  This  formula,  however,  written  according  to  the  new 
system  (the  quantivalence  being  expressed  by  Roman  numerals  over  the 
symbols),  is: 

H  VI  IV    II  n  VI  IV 

RjftSigOia ;  or  R^RiO  JSig, 

to  indicate  that  the  oxygen  is  regarded  as  all  linking  oxygen.  The  ratio 
of  the  total  quanti  valences  for  each  class  of  elements,  dyads  and  hexada 
(basic),  and  the  tetrad  silicon  (acidic),  is : — 3  x  II :  VI  :  3  xIV,  or,  Q.  ratio 
for  R :  R  :  Sit  =  6  :  6  :  12,  that  is,  1  :  1  :  2. 

The  same  ratio  for  (R+H)  :  Si  =  1  :  1,  both  of  which  are  identical  with 
the  previously  given  oxygen  ratio. 

•  This  relation  was  brought  out  bv  Prof.  Dana  in  1867  (Am.  J.  Sci.,  xliv..  89,  253,  898», 
and  it  forms  the  basis  of  aU  the  formulas,  according  to  the  new  system,  in  Dana's  System  of 
.Vineralogy.  1808.  Prof.  Cooke  has  discussed  the  same  subject  (Am.  J.  Sci.«  II.,  zIyU.,  880, 
1869),  he  calls  the  ratio,  the  Atomic  Ratio  :  the  latter  term,  however,  is  generally  ll8<^d  in  a 
different  sense,  hence  the  expression  Quantivalent  Ratio  employed  here. 

f  Throughout  this  work  the  letter  R,  unless  otherwise  indicated,  represents  a  bitalent 
metal,  and  H  either  Fe,  Al,  6r,  Mn,  where  the  qaantivalenoe  of  the  double  atom  is  nx.  In 
a  few  oases,  to  indicate  further  relations,  the  sign  of  the  quantivalenoe  ic  lomotimet  emidoTed 
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Thus  the  oatygen  ratio  of  the  old  system  becomes  the  qwintivalent  ratio 
of  the  new,  **a  terra,  too,  which  has  a  wider  meaning  and  bearing  than  that 
which  it  replaces."  This  principle  of  the  ratio  between  the  total  qiianti- 
valences  is  an  important  one,  and  fundamental  in  the  character  of  chemical 
compounds.  This  is  well  shown  in  tlie  example  here  given,  where,  for  a 
family  of  minerals  of  so  varied  composition  as  tlie  garnets,  it  remains  con- 
stunt  in  all  varieties.  Its  importance  is  even  more  marked  in  the  many 
silicates  wliere  R  replaces  3R  (as  in  spodumene  in  the  pyi-oxene  family). 

The  quantivalent  ratio  is  obtained  by  multiplying  the  quantivalence  of 
each  class  of  elements  present  by  their  number  of  atoms;  or  by  dividing 
the  pi^rcentage  amount  or  each  element  by  the  atomic  weight  and  multiply 
by  its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  percentage  amount  of  each  by  the  molecular  weight,  and  multiply  as 
before  by  the  number  expressing  the  quantivalence,  and  the  result  is  the 
total  quantivalence  for  the  given  element. 


Dimorphism.     Isomorphism. 

A  chemical  compound,  which  crystallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dimorpfions  /  if  in  three,  trimorphous^  or  in  general 
pleo7no7'phous.     The  phenomenon  is  called  dimorphism,  or  pleomorphism. 

On  the  other  hand,  chemical  comprninds,  which  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  isomorphovs  when  their  crystalline 
forms  are  identical,  or  at  least  very  closely  related  (sometimes  called  homoeo- 
morphous).     This  phenomenon  is  called  isomorphism. 

An  example  oi  pleomorphism  is  given  by  the  compound  calcium  carbon- 
ate  (CaCOg),  which  is  trimorphous:  appearing  as  calcite,  as  aragonite,  and 
as  baryto-calcite.  As  calcite^  it  crystallizes  in  the  rhombohedral  system, 
and,  unlike  as  its  many  crystalline  fi»rms  are,  they  may  be  all  referred  to 
the  same  fundamental  rhombohedron,  and,  what  is  more,  they  have  all  the 
same  cleavage  and  the  same  specific  gravity  (2*7),  and,  of  course,  the  same 
optical  chai-acters.  As  aragonite^  calcium  carbonate  appears  in  orthorhom- 
bic  crystals,  whose  optical  characters  are  entirely  different  from  those  of 
calcite,  as  will  be  understood  from  the  explanations  made  in  the  preceding 
chapter.  Moreover,  the  specific  gravity  of  aragonite  (2*9)  is  higher  than 
iliat  of  calcite  (2'7).  Again,  as  barytO'Calcite^  calcium  carbonate  crystal- 
lizes in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  this  case — and 
an  analogous  explanation  must  answer  for  all  such  cases — is  to  be  found, 
not  as  was  once  proposed  in  a  slight  variation  of  chemical  composition,  but 
in  the  different  (tonclitions  in  which  the  same  compound  has  been  formed. 
Thus  Rose  ho-i  shown  that  the  calcium  carbonate  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  calcite,  whereas, 
if  the  precipitatioTi  takes  place  at  a  temperature  of  100*^  C,  it  takes  the 
t*rm  of  aragonite.  Moreover,  he  found  that  aragonite  on  heating  fell  to 
i>owder,  and  though  no  lo8s  of  weight  took  place,  the  specific  gravity  (2*9) 
, became  that  of  calcite  (2"'?). 

Many  other  examples  of  pleomorphism  may  be  given  :  Silica  (^SiOj)  ii 
trimoi-pljous ;  appearing  as  quartz^  rhombohedral,  G  =  2*66;  as  tridymiUk 
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hexagonal,  G  =  2*3  ;  and  as  asmanite,  orthorhombic,  G  =  2*24  Titanii 
oxide  (TiO,)  is  also  trimorphous,  the  species  being  called  rutiUj  tetragonal 
{c  =  -6442),  G  =  4-25  ;  octahedrite  (c  =  1-778),  G  =  3-9 ;  and  brookite, 
orthorhombic  or  niouoclinie,  G  =  4'15.  Carbon  appeal's  in  two  fonns,  in 
diamond  and  graphite.  Otlicr  familiar  examples  ai*e  pyrite  and  marcasite 
(FeSa) ;  acanthite  and  argentite  (AgaS) ;  sphalerite  and  wui-tzite  (ZiiS) ; 
sulphur  natural,  ortliorhombic,  if  artificial  and  crystallizing  from  a  molten 
condition,  monoclinic.  The  relation  in  form  of  the  species  mentioned, 
and  also  of  tliose  of  other  dimorphous  groups,  will  be  found  in  Part  DI., 
Descriptive  Mineralogy. 

homorpkiam  is  well  illustrated  l)y  the  group  of  rhombohedral  carbonates, 
with  the  general  formula  RCOj.  llere  K  may  be  Ca,  Mg,  Fe,  Mu,  or  Tax  ; 
or  further,  in  the  same  species,  tlie  R  may  be  represented  by  both  Ca  and 
Mg  in  varying  proportions,  as  remarked  on  the  following  page,  or  both  Ca 


n  varying  p 
Fe,  etc.     11] 


Bhodoohioaite. 

Sideiite. 

Smithnonite. 

MliCO, 

FeCO, 

ZnCO, 

106°  51' 

107°  0' 

107°  40'. 

and  Fe,  etc.     Tlie  group  is  as  follows : 

Galcite.         Dolomite.         Magneslte. 

CaCOs      Sgf^^^*     ^^^^» 
105°  5'       106°  15'         107°  29' 

Ankerite  (parankerite),  breunerite,  mesitite,  and  pi8t(»mesite  belong  to 
the  same  group.  Ail  the  above  species  have  an  analogous  composition,  and 
all  crystallize  in  the  rhombohedral  system,  the  angle  of  the  fundamental 
form  varying  somewhat  in  the  different  cases. 

Mitscherlich,  who,  by  a  series  of  experimental  researches,  established  the 
principle  of  isomorphism,  expressed  it  as  follows :  Substances^  which  are 
analogous  chemical  compounds^  have  the  same  crystaUhie  form,y  or  art 

ISOMORPHOUS. 

Some  of  tlie  more  important  isomorphous  groups  are  mentioned  below, 
for  the  description  of  tiie  different  species  reference  must  be  made  to 
Part  III. 

fsometri<i  system^. — (1)  The  spinp:l  gi'oup,  having  the  general  formula 
URO4,  including  spinel  MgA:104,  magnetite  FeFeO^,  chromite  FeOr04,  also 
frunklinite,  gahnite,  etc.  (2)  The  alum  group,  for  example,  potash-alum 
1^8^1840,^  4- 24aq,  etc.     (3)  The  gabnet  group,  having  the  general  formula 

K8«Si30^. 

Tetragoiiul  system, — Rutile  group,  ROj ;  including  rutile  TiO,,  and  cas- 
siterito  S11O2.  The  souef.lite  group  ;  including  scheelite  CaW04,  stolzite 
PbWOi,  wulfenite  PbMO,. 

Hexagomd  system. — Apatite  group  ;  apatite  30a3P2Og  +  Ca(Cl,  F)j,  pyro- 
snorphite  3Pb3Pa08  4-PbCl2,  mimetite  3rb8A8208-|-PbCl2,  and  vanadinite 
3Pb8V20g  4- PbCIa.  Cojxundcm  group,  ftOa;  corundum  AlOg,  hematite 
FeOg,  menaccanite. 

Rhombohedral  system. — CALcrrE  group,  RCO3,  already  mentioned. 

Orthorhomln<^  system, — ARAOONrrE    group,    RCOg;    aragonite    CaCO,, 
witherite  BaCOs,  strontianite  SrCOj,  cerussite  PbCOg.    Barite  group,  RSO4 ;  ^ 
barite  BaS04,  celestite  SrS(J4,  anhydrite  CaS04,  anglesite  PbSOv     Chbtso-  * 
UTE  group,  general  formula,  R^Si04. 
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Monodinic system. — CoppfiRAs group imelanterite  FeSO^+Taq;  blebcnt« 
CoSO^+Taq,  etc.      Pyroxene  group,   RSiO,,  etc. 

Monodinic  and  TritMnic.    Feldspar  group. 

The  above  euumeration  iucludes  only  the  more  prominent  amcng  tlie 
isomorphous  groups.  In  many  other  cases  a  close  relationship  exists  among 
species,  both  m  form  and  composition,  as  brought  out  in  Dana^s  System  oi 
Mineralogy  (1S54),  and  as  also  to  some  extent  exhibited  in  the  grouping  ol 
tlie  species  in  the  descriptive  part  of  this  work. 

(1)  It  will  bo  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  more  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  chan^^e  of  the  crystalline  form.  Besides  this  a 
part  of  one  element  may  be  similarly  replaced.  This  is  illustrated  in  the 
case  of  the  rhombohedral  carbonates :  calcite  has  the  composition  CaCOg, 
and  magnesite  MgCOg;  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  Mg  in  equal  proportions,  so  that  the  fornmla  may  be 
written  (4Ca+^Mg)003,  or  more  properly  CaMgC206.  But  besides  this 
compound  there  are  others  whei'e  the  ratio  of  Ca  to  Mg  is  3  :  2,  also  2  :  1, 
and  3  : 1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  in  part  replaced  by 
Mn,  Fe,  orZu. 

The  mineral  ankerite  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  proportions.  Boricky  has  shown  that  the  composition  of  the 
ankerite  gitnip  of  compounds  is  expressed  by  the  formula : — CaCOj-HFeCOj 
+a?(CaMgCa08),  where  x  may  be  i,  1,  |,  J,  |,  2,  3,  4,  5, 10.  This  and  all 
similar  cases  are  examples  of  iaomotyhous  replac€nie)it. 

It  is  not  essential  that  the  replacing  elements  in  an  isomorphous  series 
should  have  the  same  quanti valence,  although  this  is  generally  true.  For 
example,  spodumene  is  isomorphous  with  the  pyroxene  croup,  though  in  it 
the  bivalent  element  is  replaced  bv  a  sexivalent  (3R  =  S).     So,  too,  menac- 

II  IV 

canite  was  included  in  the  corundum  group,  since  here  RROs  is  isomor- 
phous with  BOa.  This  relation  of  the  elements,  which  are  not  equivalent, 
is  brought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174. 

(2).  Minerals  which  crystallize  in  different  systems  may  yet  be  isomor- 
phous, when  the  difference  between  their  geometrical  form  is  slight ;  this 
IS  conspicuously  true  of  the  members  of  the  feldspar  family. 

(3).  Minerals  may  be  ch^sely  related  in  form,  although  theie  is  no  ana- 
logy whatever  between  their  cliemical  composition;  many  such  cases  have 
been  noted,  e.g,^  axinito  and  glauberite,  azurite  and  epidote. 

Two  sul>stances  may  be  both  homoeomorphous  and  correspondingly 
dimoi*phous ;  and  they  are  then  described  as  isodiinorphovs.  Titanic  oxide 
(TiOj),  and  stannic  oxide  (SnO,),  are  both  dimoiphous,  and  they  are  also 
homcDomorphous  severally  in  each  of  the  two  forms.  This  is  an  example 
of  isodimorphism. 

There  are  also  cases  of  isotrinwrphiam.  Thus  there  arc  the  following 
related  groups;  the  angle  of  the  rhombohedral  forms  here  given  is  jff  :  -ff  • 
of  the  orthorhombic  and  monoclinic  / :  /(for  baryto-calcite  2-S  on  2-S): 

BhoTnbohedral  Ortharhambie,  Monoclinic. 

BOO.  Calcite,  105®  5'.  Aragonifce,  11«'»  10'.  Barytocalcite,  95°  8'. 

BSO4  DreeHte,  03<'-94°.       Angleaite,  103°  88'.  Glauberite,  83^-83®  W. 

B8O«+nB0O«        SoBaimite,  W.  LeadhiUite,  lOB''  Id'.        Lanarkite,  di''. 
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Calcite,  aragonite,  and  barvtocalcite  form  an  undoubted  case  of  trimor 
phi&m,  as  has  already  been  shown.  Dreelite,  anglesite,  and  glanberite 
constitute  anotlier  like  aeries,  and  moreover  it  is  closely  parallel  in  angle 
with  the  former.  In  the  third  line  we  have  tlio  sulphato-carbonatc  snsan- 
nite  near  dreelite  in  angle,  leadhillite  (identical  with  susaiuiite  in  composi- 
tion) near  anglesite,  and  lanarkite,  another  sulphato-carbonate,  near  glau« 
berite,  forming  thus  a  third  parallel  line.  The  sulphuric  acid  in  these  sul- 
phate carbonates  dominates  over  the  carbonic  acid,  and  gives  the  form  of 
the  sulphates  enumerated  in  the  second  line  of  the  table. 

CusMioAL  Examination  of  Minerals. 

The  chemical  characters  of  minerals  are  ascertained  (a)  by  the  action  of 
acids  and  other  reagents ;  (J)  by  means  of  the  blowpipe  assisted  by  a  few 
chemical  reagents  ;  (c)  by  chemical  analysis.  The  lasi  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  wholly  to  chemistry,  and  it  is  unnecessary  to 
touch  upon  it  here  except  to  call  attention  to  the  remarks  already  made 
(p.  160)  upon  the  essential  importance  of  the  use  of  pure  material  for  analysis. 

The  various  tests  and  reactions  of  the  wet  and  dry  methods  are  important, 
since  they  often  make  it  possible  to  determine  a  mineral  with  very  little 
laboi,  and  this  with  the  use  of  the  minimum  amount  of  material. 

a.  ^Examination  in  t/is  Wet  Way. 

The  most  common  chemical  reagents  are  the  three  mineral  acids,  hydro 
chloric,  nitric,  and  sulphuric.  In  testing  the  powdered  mineral  with  these 
acids,  the  important  points  to  be  noted  are :  (1)  the  degree  of  solubility, 
and  (2)  the  phenomena  attending  entire  or  partial  solution  ;  that  is,  whether 
a  gas  is  evolved,  producing  effervescence,  or  a  solution  is  obtained  without 
effervescence,  or  an  insoluble  constituent  is  separated  out. 

Solubilitf/. — In  testing  the  degree  of  solubility  hydrocliloric  acid  is  most 
conunonly  used,  though  in  the  case  of  sulphides,  and  compounds  of  lead 
and  silver,  nitric  aeid  is  required.  Less  often  sulphuric  acid,  and  aqua 
regia  (nitro-hydi-ochloric  acid),  are  resorted  to. 

Many  minerals  are  completely  soluble  without  effervescence  :  among  these 
are  some  of  the  oxides,  hematite,  limonite,  gothite,  etc.,  some  sulphates, 
many  phosphates  and  ai-seniates,  etc. 

ISoluhility  with  effervescence  takes  place  when  the  mineral  loses  a  gaseous 
ingredient,  or  when  one  is  generated  by  the  mutual  decomposition  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates,  all  of  which  dissolve 
with  effervescence,  giving  off  carbonic  acid  (properly  carbon  dioxide,  COj), 
though  some  of  them  only  when  pulverized,  or  again,  on  the  addition  of 
heat.     In  applying  this  test  dihite  hydrochloric  acid  is  employed.     Snl- 

gluiretted  hydrogen  (HjS)  is  evolved  by  some  sulphides,  when  dissolved  in 
ydrochloric  acid:  this  is  true  of  sphalerite,  stibnite,  greenockite,  etc 
Clilorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vauadio 
acid  salts,  when  dissolved  in  hydrochloric  aci  1.  Nitric  peroxide  is  gi ^en 
off  by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite, 
etc.),  when  treated  with  nitric  acid. 
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The  separation  of  an  intoltMe  ingredient  takes  plaee :  With  many  sili- 
cates, the  silica  separating  sometimes  as  a  tine  powder,  and  again  as  a  jelly ; 
in  ttie  latter  ease  the  iniiicral  is  said  to  gelatinise  (sodalite,  anitlcite).  In 
order  to  test  this  point  the  tiiiely  pulverized  silicate  is  digested  with  strong 
hydrochloric  mitl,  and  the  solution  afterward  slowly  evapcn-ated  nearly  to 
dryness.  Witli  a  considerable  number  of  silicates  the  gelatin izatiou  takex 
place  only  after  ignition  ;  while  others,  which  ordinarily  gelatinize,  arc 
rendered  insoluble  l<y  ignition. 

With  many  snlphides  a  separation  of  sulphni-  takes  place  when  tliey  are 
treated  with  nitric  acid.  Cmnpoiinds  of  titanic  and  tnngstic  acids  are 
decomposed  by  hydrochloric  acid  with  tlte  separation  of  the  oxides  named. 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here  the 
oxides  are  soluble  in  au  excels  of  the  acid. 

Compounds  containing  silver,  lead,  and  inercnry  give  with  hydrochloric 
acid  insoluble  residues  of  the  clilorides.  These  compounds  ai'e,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  stannic 
oxide  separates  as  a  white  powder.  A  corresponding  reaction  takes  place 
under  similar  circumstances  with  minerals  containing  ai-senic  and  antimony. 

ln3ohi}>le  minerale. — A  large  number  of  minerals  ai-e  not  sensibly 
attacked  by  any  of  the  acids.  Among  these  may  be  named  the  following 
oxides:  cornndnm,  spinel,  chroniite,  diasp<n'e,  rutile,  cassiterite,  quartz; 
also  cemrgyrite  ;  many  silicates,  titanates,  tantalates,  and  columbates ;  also 
the  sitlpliatcs  (barite,  celeatite,  anglesite) ;  many  phosphates  (xenMime, 
lasulite,  childrenite,  amblygonitej,  and  the  borate,  boracito. 


b.  Keamination  of  Minerals  I 


of  ike  Bhywpvpe. 


Blowj>ipc.^Thei  simplest  form  of  the  blowpipe  is  a  tapering  tube  of 
brass  (f.  413,  Ij,  with  a  minute  aperture  at  the 
extremity.      A    cliamber    is    advantageously  413 

added  (f.  413,  2)  at  o,  to  receive  the  condensed 
moisture,  and  an  ivory  mouth-piece  is  often 
very  convenient.  In  the  better  forms  of  the 
intttrnment  (see  f.  413,  3),  the  tip  is  made  of 
■olid  platinum  (_/),  which  admits  of  being 
readily  cleaned  when  necessary.  Opeiatinns 
with  tlie  blowpipe  often  require  an  nninter- 
mitted  heat  for  a  considerable  length  of  time, 
and  always  longer  than  a  single  breath  of  the 
ojwrator.  It  is  therefore  requisite  that  breath- 
ing and  blowing  should  go  on  together.  This 
may  be  difhcnit  at  fii-st,  but  the  necessary  skill 
or  tact  is  soon  acquii-ed. 

Blotopipe-flame. — The  best  and  most  con- 


venient source  of  heat  for  bio 


rpipe  purposes 


b  ordinary  illuminating  gas.  The  burner  is  a 
simple  tube,  flattened  at  the  top,  and  cut  off  a 
little  obliquely ;  it  thus  furnishes  a  tlame  of  oonvenieDt  shape. 
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t*et  msiy  also  be  used  in  conjunction  with  the  ordinary  Banseu  bamer,  it 
»eing  so  made  as  to  slip  down  within  tlie  outer  tube,  and  cut  ofiE  the  supply 
of  air,  thus  giving  a  luminous  flame.  The  gas  flame  required  need  not  be 
more  than  an  inch  and  a  half  in  height,  in  place  of  the  gas,  a  lamp  fed 
witli  olive  oil  will  answer,  or  even  a  good  candle. 

The  jet  of  the  blowpipe  is  brought  close  to  tlie  gas  flame  on  the  higher 
aide  of  the  obliquely  terminated  burner.  The  arm  of  the  blowpipe  is 
Inclined  a  little  downward,  and  the  blast  of  air  produces  an  oblique  conical 
flame  of  intense  heat.  This  blowpipe  flame  consists  of  two  cones :  an  inner 
of  a  blue  coior,  and  an  outer  cone  which  is  yellow.  The  heat  is  most 
intense  just  beyond  the  extremity  of  the  blue  flame,  and  the  mineral  is  held 
at  this  point  when  it^fasibilUy  is  to  bo  tested. 

The  inner  flame  is  called  the  reducing  flame  (R.F.) ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  tlie  gas,  which  at  the  high 
temperature  present  tend  to  combine  with  the  oxygen  of  the  mineral 
brought  into  it,  or  in  other  words,  to  reduce  it.  The  oest  reducing  flame 
is  produced  when  the  blowpipe  is  held  a  little  distahce  from  the  gas  flame; 

it  should  retain  the  yellow  color  of  the  latter. 

*  _ 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.)  ;  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay.  This 
flame  is  best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little 
in  the  gas  flame ;  it  should  be  entirely  non-luminous. 

Supports, — Of  other  apparatus  requii'ed,  the  most  essential  articles  are 
those  which  serve  to  support  the  mineral  in  the  flame;  these  supports  are: 
(1)  charcoal,  (2)  platinum  forceps,  (3)  platinum  wire,  and  (4)  glass  tubes. 

(1)  Charcoal  is  especially  useful  as  a  support  in  the  case  of  the  examina- 
tion of  metallic  minerals,  where  a  reduction  is -desired.  It  must  not  crack 
when  heated,  and  should  not  yield  any  considerable  amount  of  ash  on  com- 
bustion ;  that  made  from  soft  wood  (pine  or  willow)  is  the  best.  Pieces  of 
convenient  size  for  holding  in  the  hand  are  employed  ;  they  should  have  a 
smooth  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

(2)  A  convenient  kind  of  platinum,  forceps  is  represented  in  f.  414 ;  it 
iii  made  of  steel  with  platinum  points.     These  open  by  means  of  the  pins 

414 


pp  ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.  Care  must 
be  taken  not  to  heat  any  substance  (^.<7.,  metallic)  in  the  forceps,  which  when 
fused  might  injure  the  platinum. 

(3)  Platinufn  wire  is  employed  with  the  use  of  fluxes,  as  described  in 
anotlier  place. 

(4)  The  glass  ticbes  required  are  of  two  kinds  :  closed  tubes,  having  only 
one  open  end,  about  four  inches  long ;  and  ope7i  tubes,  having  both  ends 
open,  four  to  six  inches  in  length,  lioth  kinds  can  be  easily  made  by  the 
student  from  ordinary  tubing  (best  of  rather  hard  glass),  having  a  bore  of 
i  to  i^  of  an  i/ich. 
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In  the  way  oF  additional  apparatus,  the  following  articles  are  useful ;  the; 
need  no  special  description  :  hammer,  small  anvil,  three-cornered  file,  mag- 
net, pliers,  pocket-lens,  and  a  small  mortar,  as  also  a  few  of  the  test-tubes, 
etc.,  used  in  the  laboi-atoi-y. 

CKemit'idl  reagents, — ^The  commonest  rea^nts  employed  are  the  fluxcJi, 
viz.,  soda  (sodium  carbonate) ;  salt  of  pnosphorus  (sodium-ammonium 
phosphate) ;  and  borax  (sodium  biborate).  The  method  of  using  them  \% 
spoken  of  on  p.  208. 

Nitrate  of  cobalt  in  solution  is  also  employed.  It  is  conveniently  kept 
in  a  small  bulb  from  which  a  drop  or  two  may  be  obtained  as  it  is  needed. 
This  is  used  principally  as  a  test  for  aluminum  or  magnesium  with  infusible 
minerals,  as  remarked  beyond.  The  fragment  of  the  mineral  held  in  the 
forceps  is  first  ignited  in  the  blowpipe  flame,  a  dn»p  of  tlie  cobalt  solution 
IB  placed  on  it,  and  then  it  is  heated  again  ;  the  presence  of  either  constitu- 
ent named  is  manifested  bv  the  color  assumed  bv  the  igrnited  mineral.  It 
is  also  used  as  a  test  for  zinc.  Potassium  bisulphate  and  calcium  fluoride 
(fluorite)  in  powder,  metallic  magnesium  (foil  or  wire),  and  tin  foil,  are 
othei  rea^nts,  the  use  of  which  is  explained  later.  Test-papers  are  also 
needed,  viz.,  blue  litmus  paper,  and  turmeric  paper. 

The  wet  reagents  required  are :  the  ordinary  acids,  and  most  important 
of  these  hydrochloric  acid,  generally  diluted  one-half  for  use,  and  also 
barium  chloride,  silver  nitrate,  ammonium  molybdate. 

The  blowpipe  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum-pointed  forceps,  (2)  in  the  closed  tube,  (3)  in  the  open  tube, 
(4)  on  charcoal,  and  (5)  with  the  fluxes. 

(1)  Examination  in  the  forceps, — The  most  important  use  of  the  plati- 
num-pointed forceps  is  to  hold  the  fragment  of  the  mineral  while  its  fusi- 
bility is  tested. 

The  following  practical  points  most  be  regarded :  (1)  Metallic  minerals,  which  when  fused 
may  injure  the  platinum,  should  be  examined  on  charcoal ;  (2;  the  fragment  taken  should  be 
thin,  and  as  small  as  can  conveniently  be  held ;  (3)  when  decrepitation  takes  place,  tho  heal 
must  be  applied  slowly,  or,  if  this  does  not  prevent  it,  the  mineral  may  be  powdered  and  a 
paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the  platinum  wire  ;  or 
the  paste  may,  with  the  same  end  in  view,  be  heated  on  charcoal ;  (4)  the  f ruginent  whose 
fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  juut  beyond  tho 
extremity  of  thr  blue  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  maj 
be  observed  :  (a)  a  coloration  of  the  flame;  (J)  a  swelling  up  (stilbite),  or 
an  exfoliation  of  the  mineral  (veriniculite) ;  or  (c)  a  glowing  without  fusion 

icalcite) ;  and  {d)  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fusee 
scapolite).  The  color  of  the  mineral  after  ignition  is  to  be  noted  ;  and  the 
natui-e  of  t)ie  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby 
frlass  ig  obtained,  or  a  black  slag,  or  whether  magnetic  or  not,  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened 
with  tlie  col)alt  solution  and  again  ignited  (see  above) ;  also,  if  not  too 
fnsible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
moistened  turmeric  paper,  in  which  case  an  alkaline  reaction  shows  tlie 
presence  of  the  alkaline  earths. 
J^MiiHity. — ^AU  grades  of  fusibility  exist  among  minoralsi  from  thoM 
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which  fuse  in  .arge  fragments  in  the  flame  of  the  candle  (stibnite, 
below),  to  thosfj  whicli  fuse  only  on  the  thinnest  edges  in  the  hottest  blow- 
pipe name  (In-onzite) ;  and  still  again  there  are  a  considerable  number 
which  are  entirely  infusible  {e.g.^  corundum). 

The  following  scale  of  fusibility,  proposed  by  vfm  Kobell,  is  made  use 
ci( :  1,  stibnite  ;  2,  natrolite  ;  3,  almandine  garnet ;  4,  actinolite  ;  5,  ortho- 
citise ;  G,  bronzite. 

A  little  practice  with  these  minerals  will  show  the  student  what  degree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table;  he  will  thus  be  able  also  to  judge  of  his  power  to  produce  a 
hot  flame  by  the  blowpipe,  which  requires  practice. 

Flame  coloratioa. — When  coloration  is  produced  it  is  seen  on  the  exterior 
.  portion  of  the  flame,  and  is  best  observed  when  shielded  from  the  direct  light. 

The  presence  of  noda,  even  in  small  quantities,  produces  a  yellow  flame,  which  (except  in 
the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the  flame  due  to  otiier  sub- 
stances  ;  phonphates  and  borates  give  the  g^een  flame  in  general  best  when  they  have  been 
pulverized  and  moistened  with  snlphaiic  acid ;  moistening  with  hydrochloric  acid  maken  the 
coloration  in  maoy  cases  (barium,  strontium)  more  distinct. 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  «<?(/mm /  (2)  \\o\et^  potasHwia ; 
f3)  purple-red,  lithium;  red,  strontium;  yellowish-red,  calcium  (lime); 
(4)  yellowish-green,  barium^  molybdenum  ;  emerald-green,  coppei* ;  bluisii- 
green,jp/io.^^^rz^.y  (phosj^hates) ;  yellowish-green,  ioro/i  (borates) ;  (5)  blue, 
azure-blue,  6'^7>/;^r  chloride  \  light-blue,  ar^^nic/  greenish-blue,  (Wtmofiy. 

(2)  IFeatitig  in  the  chsed  tube, — The  closed  tube  is  employed  to  show 
the  effect  of  heating  the  mineral  out  of  contact  with  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdered  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  the  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows  :  decrepitation^  as  shown  by  fluorite,  calcite, 
etc. ;  glowing^  as  exhibited  by  gadolinite ;  j>ho8phorci*cen<:e^  of  which  fluorite 
is  an  example  ;  change  of  color  (limonite\  and liere  the  color  of  the  mineral 
should  be  noted  bc)th  when  hot,  and  again  after  cooling ;  fusion  ;  giving  off 
oxygen^  as  mercuric  oxide ;  yielding  water  at  a  low  or  high  temperature, 
which  is  true  of  all  hydrous  minerals ;  yielding  a4;id  or  alkaline  vapors^ 
which  should  be  tested  by  inserting  a  strip  of  moistened  litmus  or  turmeric 
paper  in  the  tube ;  yielding  a  sublimate^  which  condenses  in  the  cold  part 
of  the  tube. 

Of  the  Huhlimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar :  Sublimate  yellow,  sulphur : 
dark  brown- i-ed  when  hot,  and  red  or  reddish-yellow  when  cold,  a/rsenxc 
sulpliide ;  brilliant  black,  arsenic  (also  giving  off  a  garlic  odor);  black 
when  hot,  bmwn-red  when  cold,  formed  near  the  mineral  by  strong  heating, 
antimony  oxysulphi/le  ;  dark-red,  selenium  (also  giving  the  odor  of  decay- 
ing hoi-seradish) ;  sublimate  consisting  of  small  drops  with  metallic  1  astro, 
isUaHum  ;  sublimate  gray,  made  up  of  minute  metallic  globules,  fw^rowry  ; 
•ubiimate  black,  lustreless,  red  when  rubbed,  mercury  sulphide, 

(3)  Heating  in  th-e  open  tube, — The  small  fragment  is  placed  in  the  tube 
about  an  inch  from  the  lower  end,  the  tube  being  inclined  sufliciently  to 
prevent  the  mineral  from  slipping  out     The  current  of  air,  passing  through 
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the  tube  daring  the  heating  process,  has  an  oxidizing  effect  Tlie  special 
phenomena  to  be  observed  are  the  formation  of  a  sublimate  and  the  odof 
of  the  escaping  gases.  The  acid  or  alkaline  character  of  the  vapors  are 
tested  in  the  same  way  as  with  the  closed  tube.  Fluorides,  when  heated  in 
the  open  tube  with  previously  fused  salt  of  phosphorus,  yield  hydrofluoric 
acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar  pungent 
odor,  and  corrodes  the  glass. 

The  sufdi/nates  which  may  be  formed,  as  far  as  they  differ  from  those 
already  mentioned,  as  obtained  in  the  closed  tube,  are  as  follows :  Subli* 
mate,  whit6  and  crystalline,  volatile,  a/raenoua  oxide  ;  white,  near  the  min- 
eral crvstalline,  fusible  to  minute  drops,  yellowish  when  hot,  nearly  color 
leas  wnen  cold,  molybdio  oxide;  sublimate  white,  yielding  dense  white 
fumes,  at  first  mostly  volatile,  forming  on  the  upper  side  ot  the  tube,  and 
afterward  generally  non-volatile  on  the  under  side  of  the  tube,  antimonoua 
and  antufionic  oxides;  sublimate  dark  brown  when  hot,  lemon-yellow 
when  cold,  fusible,  hismuth  oxids ;  sublimate  gray,  fusible  to  colorless 
drops,  tcUurous  oxide  ;  sublimate  steel-gray,  the  upper  edge  appearing  red, 
sdeniuin,  ;  sublimate  bright  metallic,  mercury. 

The  odors  which  may  be  perceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Heating  atone  on  charcoal. — The  substance  to  be  examined  is  placed 
in  a  shallow  cavity ;  it  may  simply  be  a  small  fragment,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thus  the 
material  employed  as  a  paste.     The  points  to  be  noticed  are : 

{a\  The  odor  given  off  after  short  beating.  In  this  way  the  presence  of 
Bulpliur,  ai-senic  (garlic  odor),  and  selenium  (odor  of  decayed  horseradish), 
may  be  recognized. 

ib)  Fusion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal ;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium. 

(c)  The  infusible  residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin.  (2)  It  may  give  an  alkaline  reaction  after  ignition  :  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  presence  of  iron. 

{d)  The  sublimate. — ^y  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assav  (N), 
and  at  a  distance  (D) ;  as  also  when  hot  and  when  cold  is  to  be  noted. 

The  must  important  of  the  sublimates,  with  the  metals  to  which  they  are 
due,  are  contained  in  the  following  list:  Sublimate,  steel-gray  (N),  and 
dark  gray  (D),  in  ILF.  volatile  with  a  blue  flame,  selenium  (also  giving  a 
peculiar  odor)  ;  white  (N)  and  red  or  deep  yellow  (D),  in  RF.  volatile  with 
gi*een  flame,  tellurium  /  white  (N)  and  grayish  (D),  arsenic  (giving  also  a 
j>eculiar  alliaceous  odor)  ;  white  (N)  and  bluish  (D),  antim/)ny  (also  giving 
off  dense  white  fumes).  Keddish-brown,  silver  /  dark  orange-yellow  when 
hot,  and  lemon-yellow  when  cold  (N),  also  bluish-white  (D),  bismuth  /  dark 
lemou-yell(#w  when  hot,  sulphur-yellow  when  cold,  lead ;  red-brown  (N) 
and  orange-yellow  (D),  cadmium, ;  yellow  when  hot,  white  on  cooling,  ^f/ic 
(the  sublimate  becomes  green  if  moistened  with  cobalt  solution  and  again 
ignited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimate 
becomes  bliMsh-green  when  ignited  i;fter  being  moistened  witli  the  cobalt 
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iK)li;tion,  in  the  RF.  it  is  reduced  to  metallic  tin) :  yellow,  eometimof  cryi 
talline  when  hot,  white  when  cold  (N),  bluish  (D),  molybdenum  (hi  O.F 
the  Bubliniate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  m  II.F. 
gives  an  azure  blue  color  when  touched  for  a  moment  with  the  flame). 

(5)  Treatment  with  the  fluxes, — The  three  fluxes  have  been  mentioned 
on  p.  205.  They  are  used  either  on  charcoal  or  witli  the  platinum  wire. 
If  the  latter  is  employed  it  must'have  a  small  loop  at  the  end  ;  this  is  heated 
to  redness  and  dipped  into  the  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead  ;  this  operation  is  repeated  until  the  loop  is  filled.  Some- 
times in  the  use  of  soda  the  wire  may  at  first  be  moistened  a  little  to  cause 
it  to  adhere.  When  the  bead  is  readv  it  is,  while  hot,  brought  in  contact 
with  the  powdered  mineral,  some  of  which  will  adhere  to  it,  and  then  the 
heating  proi^ess  may  be  continued.  Very  little  of  the  mineral  is  in  general 
required,  and  the  experiment  should  be  counnenccd  with  a  minute  quantity 
and  more  added  if  necessary.  The  bead  must  be  heated  successively  in 
the  reducing  and  oxidizing  flames,  and  in  each  case  the  colpr  noted  when 
hot  and  when  cold.  The  phenomena  connected  witli  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  containing  solphur  or  arseuio,  or  both,  must  be  first  roasted,  that  is,  heated  on 
charcoal,  first  in  the  oxidizing  and  then  in  the  reducini;  flame,  tiU  these  snbstances  have  been 
volatilised.  If  too  much  of  the  mineral  has  been  added  and  the  bead  is  hence  too  opaque  to 
show  the  color,  it  may,  whUe  hot,  be  flattened  out  with  the  hammer,  or  drawn  out  into  a 
wire,  or  part  of  it  may  be  removed  and  the  remainder  diluted  with  more  of  the  flux. 

Borax. — The  following  list  enumerates  the  difFerent  colored  beads 
obtained  with  borax,  and  also  the  metals  to  the  presence  of  whose  cxides 
the  colors  are  due  : 

Colorless ;  silica,  aluminum,  the  alkaline  earths,  etc.  (l)oth  O.F.  and 
R.F.) ;  also  silver,  zinc,  cadmium,  lead,  bismuth,  and  nickel,  O.F.,  and  also 
R.F.,  after  long  heating,  but  when  first  heated,  gray  or  turbid ;  R.F.,  man- 
ganese. 

Yellow  /  in  O.F.,  titanium,  tungsten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturated  and  hot;  vanadium  (greenish  .when 
hot) ;  iron,  uranium,  and  chromium,  when  feebly  saturated. 

Ked  to  brown ;  in  O.F.,  iron,  hot  fon  cooling,  yellow);  O.F., chromium, 
hot  (yellowish-green  when  cold)  ;  O.F.,  uranium,  hot  (yellow  when  cold) ; 
nickel,  manganese,  cold  (violet  when  hot). 

Red ;  R.F.,  copper,  if  highly  saturated,  cold  (colorless  when  hot). 

Violet  /  O.F.,  nickel,  hot  (red-brown  to  bix)wn  on  cooling) ;  O.P.,  man- 
ganese. 

Blue;  O.F.  and  R.F.,  cobalt,  both  hot  and  cold;  O.F.,  copper,  cold 
(when  hot,  green). 

Green  ;  O.F.,  copper,  hot  (blue  or  greenish-blue  on  cooling),  R.F.,  bottle- 
green  ;  O.F.,  chromium,  cold  (j^ellow  to  red  when  hot),  R.F.,  emerald-greeny 
O.F.,  vanadium,  cold  (yellow  when  hotV  R.F.,  chrome-green,  cold  (brown- 
ish when  hotj ;  R.F.,  uranium,  yellowisli-green  (when  highly  saturated). 

Salt  of  Phosphorus. — This  flux  gives  tor  the  most  part  reactions  similar 
to  those  obtained  with  boi*ax.  The  only  cases  enumerated  here  ai'e  those 
which  are  distinct,  and  hence  those  whei-e  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glaAS  in  which  the  oases  of  the  silicAte 
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are  diBSolvcd,  bat  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton 
readily  seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are: 

Blue  /  ILF.,  tungsten,  cold  (brownish  when  hot)  ;  R.F.,  columbium,  cold 
and  when  highly  saturated  (dirtv-blne  when  hot).  Both  these  give  colorless 
beads  in  the  O.f".  , 

Green;  R.F.,  uranium,  cold  (yellowish-green  when  hot);  O.F.,  molyb- 
denum, pale  on  cooling,  also  R.F.,  dirty-green  when  hot,  green  when  cold. 

Violet ;  RF.,  colnmbium  (see  above)  ;  R.F.,  titanium  cold  (j-cllow  when 
hot^. 

Soda  is  especially  vahiable  as  a  flux  in  the  case  of  the  reduction  of  the 
metallic  oxides  ;  this  is  usually  performed  on  charcoal.  The  finely  pnlver- 
ized  minoi'al  is  intimately  mixed  with  soda,  and  a  drop  of  water  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and  subjected  to 
a  strong  reducinsc  flame.  More  soda  is  added  as  tliat  present  sinks  into  the 
coal,  and,  after  the  process  has  been  continued  some  time,  the  remainder 
of  the  flux,  the  assay,  and  the  surrounding  coal  are  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  away  and  the  metallic  globules,  flattened 
out  by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readily 
reduced,  as  lead,  while  others,  as  copper  and  tin,  require  considerable  skill 
and  care. 

The  metals  obtained  may  be:  iron,  nickel,  or  cobalt,  recognized  by  their 
being  atti'acted  by  the  magnet ;  or  copper,  marked  by  its  red  co\  ^r ;  bis- 
muth and  antimony,  which  are  brittle  ;  gold  or  silver ;  antimony,  tellurium, 
bismuth,  lead,  zinc,  cadmium,  which  volatilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  20?) ;  arsenic  and  mercury 
are  also  reduced,  but  must  be  heated  with  soda  in  the  closed  tube  in  ^rder 
to  collect  the  sublimates.  The  metals  obtained  may  be  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  presence  of  sulphur  in  the  sulpliates 
maj'  be  shown,  though  they  do  not  yield  it  upon  sim})le  heating.  When 
soda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulphate), 
sodium  sulphide  is  formed,  and  if  much  sulphur  is  present  the  mass  will 
have  the  hepar  (liver-brown). color.  In  any  case  the  presence  of  the  sulphur 
is  shown  by  placing  the  fused  mass  on  a  clean  surface  of  silver,  and  adding 
a  drop  of  water ;  a  black  or  yellow  stain  of  silver  sulphide  will  be  formed. 
Illuminating  gas  often  contains  sulphur,  and  hence,  when  it  is  used,  the 
soda  should  be  first  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  be  employed  in  the  place 
of  the  gas. 

It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility  or 
inf usibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Many  silicates,  though  alone  difticultiv  fusible,  dissolve  in  a  little  soda  to  a 
clear  glass,  but  with  more  soda  they  lorm  an  infusible  mass.  Manganese, 
when  present  even  in  minute  quantities,  gives  a  bluish-green  color  to  the 
tod*  bead. 

14 
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CfiARACTKBISTIC  REACTIONS  OF  THB  MOST  ImFOBTANT  ELSMBNTS  ABD  OV  BOMB  <MF 

THEIB  GOMFOXTNDB. 

The  follow'nff  list  contains  the  most  characteristic  i^eactions,  both  befm^ 
the  blowpipe  (KB.^  and  in  some  cases  in  the  wet  way,  of  the  difiPerent  ele- 
ments and  their  oxides.  It  is  desirable  for  eveiy  student  to  be  familiar 
with  them.  Many  of  them  have  already  been  briefly  mentioned  in  the 
preceding  pages.  It  is  to  be  remembered  that  while  the  reaction  of  a 
single  substance  may  be  perfectly  distinct  if  alone,  the  pi'esence  of  other 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
quently obvious  that  in  the  actual  examination  of  minerals  precautious  have 
to  be  taken,  and  special  methods  have  to  be  deWsed,  to  overcome  the  difli- 
culty  arising  from  tliis  cause.  These  will  be  gathered  from  the  pyrognostic 
charactei-s  given  (by  Pix)f.  Brush)  in  connection  with  the  description  of 
each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reac- 
tions (Flammenreactionen,  Ann.  Ch.  Pharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  xxxii.,  81).  The  methods,  however,  require  for  the  most  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  tliis  gen- 
eral reference  to  the  subject. 

Alumina.  B.B. ;  the  presence  of  alumina  in  most  infusible  minerals, 
containing  a  considerable  amount,  may  be  detected  by  the  blue  color  which 
they  assume  when,  after  being  heated,  they  are  moistened  with  cobalt  solu- 
tion and  again  ignited.  Very  hard  minerals  {e.g.^  corundum)  must  be  tii-8t 
finely  pulverizea. 

Antimony.  B.B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodorous  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  the  closed 
tube  a  sublimate,  black  when  hot,  brown-red  when  cold.     See  aleo  p.  207. 

In  nitric  acid  compounds  containirig  antimony  deposit  white  autimonic 


oxide  (Sb205). 

ui.  B.15.  ;  arsenical  minerals  giv 
nized  by  their  peculiar  garlic  odor.    In  the  open  tube  they  give  a  white. 


Arneniii.  B.B.  ;  arsenical  minerals  give  off  fumes,  usually  easily  recog- 


vnlatile,  crvstalline  sublimate  of  arsenious  oxide.  In  tlie  clc^sed  tube  arsenic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish- 
yellow  when  cold.  The  presence  of  arsenic  in  minerals  is  often  proved  by 
testhig  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide.  Strong  heating  proc^nces  a  sublimate  of  metallic  ai'senic,  proper  pre- 
cautions being  observed. 

Baryta,  B.13. ;  a  yellowish-green  coloration  of  the  flame  is  given  by  all 
baryta  salts,  except  the  silicates. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipi 


late  ionned  uixni  the  addition  of  dilute  sulphuiic  acid. 

Bismuth.  B.B.;  on  charcoal  alone,  or  witii  soda,  bismuth  gives  a  vci-y 
characteristic  orange-yellow  sublimate  {\k  207).     Also  when  treated  with 


equal  parts  of  potassium  iodide  and  triilphur,  and  fused  on  charcoal,  a  beauti^ 
ful  red  sublimate  of  bismuth  iodide  is  obtained. 

Boraoic  acid.  Borates.  B.B. ;  many  compound'*  tinge  the  flame  intense 
yellowish-green,  especially  if  moistened  with  suVburic  acid.     For  ailioBttt 


Ac  heel  mrticfd  k  t«  •  mix  iJie  w^^^kf^i  mkjertl  vr^th  v>«>o  j\Mt  |^^^c>l()ne«i 

ind  j^lared  on  ptaiinam  wire.  At  tbe  nvMi^nt  of  fi:5ii*r.  rfi^  i:T>eea  <^vk*^ 
ii]»ne3ir?,  ]*vx  l^ac*  birr  %  Tnctmejit  y^JL  tonnimlineV 

rlealtd  in  m  dish  w5ti  «uli>linnc  Jicid,  *:i<i  *lci>hv>l  Kwtuj  ^iVM  *>iJ 
ignited,  tLe  flftm^  of  the  latter  will  1^  dminotlv  tiiii^*ii  crtviu 

Ojtimimm^  BLB.;  -m  ciatrcvdd  cadmium  in^>^  *  clMuiic«*ri?itic  $TiWin\a: o 
of  the  rwJdish-birtwn  <»T:de  p.  I'OT^ 

Oif^^maieK  Effenne«oc  w:Th  dilntie  hTdnx-hliMio  *oid ;  w*«v  it^qnir^  t^ 
be  pnlverized.  and  ?*.«me  ii€*-j  the  addiiit*!:  v»f  he«iL 

Chlorid'ts.  BLR  :  if  a  small  j<«itii»^ii  itf  a  chloride  is  addiM  to  tlK»  bend  \\f 
salt  of  plKi^phoms.  saturated  with  d^pjier  oxide,  the  l>ead  is  instantly  ^^ur* 
rounded  with  an  intense  pnrplish  flaine. 

In  solntioD  they  give  with  silver  nitrate  a  white  cuixiy  piwipitatxs  \rhicl« 
darkens  in  CT*l"r  on  exposure  to  the  light ;  it  is  ins^^lub!e  in  niiric  acid^  but 
entirely  sr»  in  aiuinonia. 

Chrominm.  B.B. ;  chrominm  gives  with  Ix^nix  and  salt  of  phv^plu>rM$  an 
emeraid-green  bead  <p.  2J>). 

Cuhalt.  B.B.;  a  beautiful  blue  l^ead  is  obtainoil  with  lH>mx  it\  In^th 
flames  fi\»Tn  minerals  containing  cobalt.  Wliore  sulphur  or  arsi»nio  is  pre^s^ont 
it  should  lirst  lie  niasted  off  on  clianxml. 

Copper,  B.B. ;  on  charcoal  the  metallic  cop|>er  can  l>e  roiluooil  fi^nii 
most  of  its  c^»mpjunds.  \rith  borax  it  gives  a  green  l>ead  in  the  oxidixing 
flame,  and  in  the  reducing  an  opaque  red  bead  ^>.  tK)8). 

Most  metallic  compounds  are  s<^luble  in  nitric  acid.  Ammonia  prtxlufn^ 
a  green  precipitate  in  the  solution,  which  is  dissolved  when  an  excises  i« 
added,  the  solution  taking  an  intense  blue  ci>lor. 

Fliurrine.  B.B. ;  heated  in  the  closed  tube  fluorides  c^ive  off  fumoB  of 
hydrofluoric  acid,  which  react  acid  with  test'|^[>er  and  etch  the  gluHi^, 
Sometimes  potassium  bisulphate  must  be  addeil  (^seo  also  p.  207). 

Heated  gently  in  a  platinum  crucible  with  sulphuric  acid,  most  iH>ni- 
pounds  give  off  hydronuoric  acid,  which  corrodes  a  glass  i>lnto  plucttl 
over  it. 

Iron.  B.B. ;  with  borax  iron  gives  a  bend  (O.F.)  which  is  volKiw  whil« 
hot,  but  is  colorless  on  cooling ;  R.F.,  bc<*.ome8  bottlegroon  (see  p.  208). 
On  charcoal  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  ir(»n  yield  a  magnetic  mass  when  heated  in  thn 
reducing  flame. 

L*'atL  B.B. ;  with  soda  on  charcoal  a  mallenblo  globule  of  nu>tallio  liMid 
is  (A)taincd  from  lead  compounds  ;  the  coating  has  a  yellow  color  ju*ar  th« 
assay  and  farther  off  a  white  color  (carbonate) ;  on  being  touched  with  the 
reducing  flame  both  of  these  disappear,  tiuging  the  flame  azure  bliio. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  nub 
yhate ;  when  delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution 
evaporated  to  dryness,  and  water  added,  the  lead  sulphate,  if  pi^'sent,  will 
tlion  be  left  as  a  residue. 

Lime.  B.B. ;  it  imparts  a  yellowish-red  color  to  the  flame.  In  the  prtm« 
cnce  of  other  alkaline  earths  the  spectroscope  gives  a  sure  moaiiB  of  deteotinif 
even  when  in  small  quantities.  Many  lime  salts  give  an  alkaline  reaction 
with  test-paper  after  ignition. 
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Ill  solutions  containing  lime  salts,  even  when  dilute,  ammonium  oxalate  . 
throws  down  a  white  precipitate  of  calcium  oxalate. 

Liihia.  B.B. ;  lithia  gives  an  intense  red  to  the  outer  ilame;  in  very  small 
quantities  it  is  evident  in  the  spectroscope. 

Magnesia.  B  B.  ;  moistened,  after  heating,  with  cobalt  riitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infusible  minomls. 

Mangaruiae.  B.B. ;  with  borax  manganese  gives  a  bead  violet- red  (O.F.), 
and  colorless  (R.F.).  With  soda  (O.F.)  it  gives  a  bluish-green  bead  ;  tliis 
reaction  is  very  delicate  and  may  be  relied  uj)on,  oven  in  presence  of  almost 
any  other  metal. 

Mercury,  B.B. ;  in  the  closed  tube  a  snblimate  of  metallic  mercur}'  is 
yielded  when  the  minei-al  is  heated  with  soda.  Mercn»ic  sulphide  gives  a 
black  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p  207). 

Molybdenum.  B.B. ;  on  charcoal  molybdenum  gives  a  copper- red  stain 
(O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  the  II.F. 
(p.  208). 

Nickel,  B.B. ;  with  borax  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet 
when  hot  and  red- brown  on  cooling;  (R.F.)  the  glass  becomes  gray  and 
turbid  from  the  separation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Nitrates,  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  with 
Hulphuric  acid  give  off  red  fumes  of  nitric  peroxide. 

Phosphates.  B.B. ;  nfost  phosphates  impart  a  green  color  to  the  flame, 
especially  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendered  unsatisfactory  by  the  presence  of  other  coloring  agents. 
If  they  are  used  in  the  closed  tube  with  a  fragment  of  metallic  magnesium  or 
sodium,  and  afterward  moistened  with  water,  phosphnretted  hydrogen  is 
given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  neutral  or  acid  solution,  containing  phosphoric  acid, 

[)rodiices  in  a  solution  of  ammonium  molybdate  with  nitric  acra  a  pulveru- 
ent  yellow  precipitate. 

Potash.  B.B. ;  ]>otash  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities,  or  when  soda  or  lithia  is  present,  by 
the  aid  of  the  spectroscope. 

Selenium.  B.B.  ;  on  charcoal  selenium  fuses  easily,  giving  off  brown 
fumes  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  207). 

Silica.  B.B. ;  a  small  fragment  ot  a  silicate  in  the  salt  of  phosphorus 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  fine  p<^)wdei-  is  fused  with  sodium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hydrochloric  acid  is  added  and  then  water, 
the  bases  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by 
strong  hydrochloric  acid,  the  silica  separating  as  a  powder  or  as  a  jelly 
(see  p.  203). 

Silver,  I3.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  (j).  207). 
A.  globule  of  metallic  silver  may  generally  be  obtained  by  heating  on  char- 
coal in  O.F.,  especially  if  soda  is  added.  Under  some  circumstances  it  i> 
desirable  to  have  recourse  to  cupel lation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  cliloride  is 
thro\vn  down  when  hydrrx^bloric  acid  is  added.     This  precipitate  is  insolabk 
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tn  acid  or  water,  bat  entirely  so  in  ammonia.     It  changes  color  on  ezposore 
CO  the  light. 

Soiia.  B.B. ;  ffivcs  a  strong  yellow  flame. 

Sulphur^  sulpiideSj  BxdvliateB,  B.B. ;  in  the  closed  tube  some  salphides 
fifive  ott  sulphur,  others  sulphurous  oxide  which  reddens  a  strip  of  moistened 
litmus  paj>er.  In  small  quantities,  or  in  sufphates,  it  is  best  detected  by 
fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened ;  a  distin  t 
black  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned  or 
p.  209  must  be  exercised). 

A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  in 
soluble  precipitate  of  barium  sulphate. 

Tellurium.  B.B. ;  tellurides  heated  in  the  open  tube  give  a  white  or 
grayish  sublimate,  fusible  to  colorless  drops  (p.  207).  On  charcoal  they 
give  a  wiiite  coating  and  color  the  R.F.  green. 

Tin,  B.B ;  minerals  containing  tin,  when  heated  on  charcoal  with  soda 
or  potassium  cyanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  209). 

Titanium,  B.B. ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
bead.  Fused  with  sodium  carbonate  and  dissolved  with  hydrochloric  acid, 
and  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
color,  especially  after  partial  evaporation. 

Tungsten,  I3.B. ;  tungsten  oxide  gives  a  blue  color  to  the  salt  of  phos- 
phorus bead  (R.F.).  Fused  and  treated  as  titanic  acid  (see  above)  with  the 
addition  of  zinc  instead  of  tin,  gives  a  line  blue  color. 

Uranium,  ]i,li, ;  salt  of  phosphorus  bead,  in  O.F.,  a  greenish-yellow 
bead  when  cool.     In  R.F.  a  nue  gi*een  on  cooling  (p.  209). 

Vanadium,,  B.B. ;  the  characteristic  reactions  of  vanadium  with  the 
fluxes  arc  given  on  p.  208. 

Zinc.  B.B. ;  on  cliarcoal  compounds  of  zinc  give  a  coating  which  is  yel- 
low while  hot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution 
and  again  heated  becomes  a  fine  green  (p.  207). 

Zirconia,  A  dilute  hydixxihloric  acid  solution,  containing  zirconia,  im- 
parts an  orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  wiio  desire  to  become  thorouglily  acquainted  with  the  use  of  the 
blowp'pe  should  provide  themselves  with  a  thorough  and  systematic  book 
devotea  to  the  subject.  The  most  complete  American  book  is  that  by  Prof. 
Bri;?h  (Manual  of  Determinative  Mineralogy,  with  an  introduction  on  blow 
pit)e  analysis.  New  York,  1875).  Other  standard  works  are  those  of  Ber 
zelius  (The  use  of  the  Blowpipe  in  Chemistry  and  Mineralogy,  translated  into 
English  by  Prof.  J.  D.  Whitney,  1845),  and  Plattner  (Manual  of  Qualita- 
tive and  Quantitative  Analysis  with  the  Blowpipe,  translated  by  Prof.  H. 
B.  Cornwall,  1872).  The  work  of  Prof.  Brush  has  been  freely  used  in  the 
preparation  of  the  preceding  notes  upon  blowpipe  methods  and  reactions. 


DETEBMINATrVB  MiNERALOGT 


Detenninative  Mineralogy  may  be  properly  considered  under  the  seneral 
head  of  Chemical  Mineralogy,  since  the  determination  of  mmerals  dependi 
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nioGtlj  upon  chemical  tests.    But  crystallographic  and  all  physical  chaiactcn 
have  also  to  be  used. 

There  is  but  one  satisfactory  way  in  which  the  identity  of  au  unknown 
xnmeral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  ol 
a  complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral 
in  hand  is  referred  successively  from  a  general  group  into  a  more  special 
one,  mitil  at  last  all  other  species  have  been  eliminated,  and  tlio  identity 
oi'  the  one  given  is  beyond  doubt. 

A  carefiu  preliminary  examination  of  the  unknown  mineral  should,  how- 
over,  always  be  made  before  final  recoui*se  is  had  to  the  tables.  This 
examination  will  often  sufiice  to  show  what  the  ininei*al  in  hand  is,  and  in 
any  case  it  should  not  be  omitted,  since  it  is  only  in  this  way  tliat  a  practi- 
cal familiarity  with  the  appearance  and  charactei^s  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  first  of  those  charactei-s  which  are 
at  once  obvious  to  the  senses,  that  is  :  the  color ^  lustre^  f^^^h  g^^^t^  struc 
turcy  fracture^  cleavage,  and  also  crystalline  foinn,  if  distinct ;  alsc*,  if  the 
specimen  is  not  too  small,  the  apparent  weight  will  suggest  something  as  to 
the  specific  gravity.  The  above  characters  are  of  very  unequal  importance. 
Structure,  if  crystals  are  not  present,  and  fracture  are  generally  unessential 
except  in  distinguishing  varieties;  color  and  lustre  are  essential  with 
metallic,  but  generally  y^v"^  unimportant  with  unmetallic  minerals.  Streak 
is  of  importance  only  with  colored  minerals  and  those  of  metallic  lusti-e 
(p.  162).  Crystalline  form  and  cleavage  are  of  tlie  highest  importance,  but 
usually  require  careful  study. 

The  fii*st  trial  should  be  the  determination  of  the  hardness  (for  which  end 
the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  specific  gravity.  Treatment  of  the 
powdered  mineral  with  acids  may  come  next;  by  this  means  (see  p.  202) 
the  presence  of  carbonic  acid  is  detected,  and  also  other  I'esults  obtained 
(p.  203).  Then  should  follow  blowpipe  trials,  to  ascertain  the  fusiJbiUty^ 
the  color  given  to  the  flame,  if  any,  the  character  of  the  subltTuate  givQU  off 
and  the  reactions  with  the^t^-^^  and  other  points  as  explained  in  the  piv 
ceding  ))ages. 

IIow  much  the  observer  learns  in  the  above  way,  in  regard  to  the  natui-e 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  vari- 
ous elementary  substances  (pp.  210  to  2l3)  with  reagents,  and  before  tlu 
blowpipe.  If  the  results  of  such  a  preliminarv  examination  are  sufficiently 
definite  to  suggest  that  the  mineral  in  hand  is  one  of  a  small  number  oi 
species,  reference  may  be  made  to  their  full  description  in  Fart  III.  of  this 
work  for  the  final  decision. 

A  number  of  minor  tables,  embracing  under  appropriate  heads  minerals 
which  have  some  striking  physical  charactei*s,  are  added  in  the  Appendix. 
They  will  in  many  cases  aid  the  observer  in  reaching  a  conclusion.  In 
addition  to  these  tables,  an  extended  table  is  also  given  for  the  systematic 
determination  of  the  more  important  minerals,  those  described  la  full  in 
the  following  pageb. 


I>^RT    III. 


DESCRIPTIVE  MINERALOGY. 


The  following  is  the  system  of  classification  employed  in  the  arrangement 
of  the  species  in  this  work.  It  is  identical  witli  that  adopted  in  Dana's 
System  of  Mineralogy,  1868,  to  which  treatise  reference  may  be  made  for 
the  discussion  of  the  princii)les  npon  which  it  is  based.  In  general  only 
the  moii3  prominent  species  are  enumerated  mider  the  successive  heads. 
The  native  elements  are  groui>ed  as  follows : 
SERIES  I. — ^The  more  basic,  or  electro-positive  elements. 

1.  Gold  ORour. — Gold,   silver  (also    hydrogen,    potassium, 

sodium,  etc.). 

2.  Iron  group. — Platinum,palladium,  mercury,  copper,  iron, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  ma^esium,  etc.). 

3.  Tin  group. — Tin  (also  titanium,  zirconium,  etc.). 
8EBIES  II. — Elements  genei-ally  electro-ne^tive. 

1.  Arsenio  group. — Arsenic,  antnnony,  bismuth,  phosphoruBj 

vanadium,  etc. 
2   Sulphur  group. — Sulphur,  tellurium,  selenium. 
3.  Carbon-silicon  group. — Carbon,  silicon. 
SERIES  III. — Elements  always  negative. 

1.  Chlorine,  bromine,  iodine. 

2.  Fluorine. 

3.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 


I.  NATIVE    ELEMENTS. 

Gk>ld  ,  silver.— Platinum  ;  palladium;  iridosmine,  IrOs,  etc. ;  icorcuiy; 
amalgam,  AgHff,  etc  ;  copper ;  iron. — Arsenic ;  antimony ;  bismath.— 
TeUnrium;  sulphur. — Diamond;  graphite. 

*  See  further  on  p.  420,  et  seq. 
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ri.  SULPHIDES,    TELLURIDES,    SELENIDES,    AESEN 
IDES,  AN TIMONIDES,  BISMUTHIDES. 


1    BINARY  COMPOUNDS.— SuLPniDEff  and  Tellurides  oj  Mjptau 
OF  THB  Sulphur  and  Ausenic  Geoups. 

[a)  Realgar  group.  Composition  RS.     Monoclinic    RcaWr. 

(i)  Orpiment  group.  Composition  R2S8.    Ortliorhombic.  Orpiment; 

stibnite ;  bismuthinite. 
fcj)  Tetradyniite  group.  Tetradymite  Bi2(Te,SV 
yd)  Molyldenite  group.  Composition  RS2.    Molybdenite. 


is 


3.  BINARY  COMPOUNDS.— Sulphides,  Telluetoes,  etc.,  of  Mbtau 
&F  THB  Gold,  Ikon,  and  Tin  Geoups. 

A.  BASIC  DIVISION.  — Dyscrasite ;  domeykite. 

B.  PROTO  DIVISION.— Composition  RS  (or  R,S),  RSe,  ETe. 

(a)  Gcdenite  group.  Isometric ;    hoiohedral. — Argentite ;  galenite ; 

claiidthalite ;  boriiite  ;  alabandite. 
Q>\  Blende  group.  Isometric ;  tetrahedral. — Sphalerite. 
((?)  Cfujdcoeite  group,  Orthorhorabic. — Chalcocite;   acantliite;  hes- 

site ;  stromeyerite. 
{d)  Pyrrhotite  group.  Hexagonal. — Cinnabar;    millerite;    pjrrfao- 

tite  (Fe7Sg)  ;  grcenockite ;  niccolite. 

C.  DEUTO  OB  PYRITE  DIVISION.— Composition  RSj,  eto. 

(a)  Pyrite  group.  Isometric. — Pyrite ;   linnaeite;   smaltite;  oobal- 

tite ;  gersdorffite. — Clialcopyrite. 
{b)  Marcaeite  group,    Ortliorhombic. — Marcasite;    arsenopyrite ; 

sylvanite. 
(c)  Nagyagite.     {d)  Covellite. 

8.  TERNARY    COMPOUNDS.— SuLPHARSENrrss,    SulphantimonitbBi 

SULPHOBISMUTHITISS. 

{a)  Group  I.    Atomic  ratio,   R  :  As(Sb)  :  8  =  1 :  2  :  4.    Formola 

R(As,Sb)2S4  =  RS  4- ( As,Sb)2S8.    Miargyrite  ;  saiix)rite ;  nnk- 

enite. 
(J)  Sub    group.    At.  Ratio,  R  :  A6(Sb)  :  S  =  3  :  4  :  9.      Formnla 

R8(A8,Sb,Bi)4So  =  3RS  +  2(As,SbiBi)aS8.    Jordanite  ;  schir- 

merite  etc 
(<?)  Group   II.    At.   Ratio,   R  :  (As,  Sb)  :  S  =  2  :  2  :  5.      Fonnula 

R3(Sb.A8)3S5  =  2RS + (Sb, As^jSj.     Jamesonite ;  dnf renojaitje. 
(rf)  Group  ill.  At.  Ratio,  R  :  (As,Sb) :  S  =  3  :  2  :  6.      Formiihi 

R,(A6,8b)aSfl  =  3RS  +  (As,Sb^.      Pyrargyrite,    prouatite ; 

bournonite ;  boulangerite. 


OLASfinioinoN  of  speoies.  217 

(•)  Gboup  IV.  At  Ratio,  B :  (Aa,Sb3i)  :  S  =  4  :  2  :  7.  Formula 
R4(Afl,Sb,Bi),S7  =  4RS + (AsjSb^Bi)^.  Tetrahedrite ;  ten- 
uantite. 

(/)  Group   V.    At.   Ratio,    R  :  (A8,Sb)  :  S  =  5  :  2  :  8.      Formula 
R^A6,Sb>,S8  =  5RS  +  (A8,Sb)A.    Stephanite;   geocronite 
P  jlybasite. — Euargite. 


m.  CHLORIDES,  BROMIDES,  IODIDES. 

1.  ANHYDROUS   CHLORIDES.— CompoBition  mostly  R(C1,  Br,  1) ; 
alfio  R8(Cl,Br,l)  (calomel),  and  BCl^  (inolysite). 

Halite ;  svlvite  ;  cerargyrite  ;  embolite  ;  bromyrite. 

2.  HYDftOUS  CHLOtllDES.— Carnallite.    Tachhydrite. 

3.  OXYCHLORIDES.— Atacamite :  matlockite. 


IV.  FLUORIDES. 

1.  ANHYDROUS  FLUORIDES.    Fluorite ;  sellaite.— Cryolite. 

2.  HYDROUS  FLUORIDES.— Paehnolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS. 

L  OXIDES. 

1.  OXIDES  OF  Metals  of  the  Gold,  Iron,  and  Tin  Gboitfs. 

A.  ANHYDROUS  OXIDES. — (a)   Protoxtoes. — Binary   compomids  of 

oxygen  with  a  univalent  or  bivalent  element.  Formula  RO  or  (R2O). 
Cuprite ;  zincite ;  tenorite. 

(J)  SE8Q(jioxn)K8. — Binary  compounds  of  oxygen  with  a  sexivalent  ele- 
ment. Formula  ROg.  Corundum;  hematite.  This  group  also  includes 
menaccanite  and  perofskite. 

(d)  Compounds  of  Proix)xides  and  Sesqihoxtoes. — Ternary  compounds 
of  oxygen  with  a  bivalent  and  a  sexivalent  clement.  Formula  RRO4  =  RO 
+  SO,. 

Spinel  Q-roup,  Isometric. — Spinel ;  gahnite  ;  magnetite  ;  franklinite  ; 
chromite.     Ortnorhombic — Chrysobervl. 

(rf)  Dkutoxides. — Binary  compoun({s  of  oxygen  with  a  quadrivalent  ele- 
ment.    Formula  RO^. 

Tetragon.\i.. — Ruiile  Oroup. — Cassiterite  ;  rutile ;  octal  edrite ;  hana- 
mannite  ;  braunnite.     Oi-thorhombic. — Brookite ;  pyroluaite. 

R  HYDROUS  OXIDES.— Turgitc—Diaspore ;  gdthite;  manganit©.— 
Limonite. — Brucite  ;  gibbsito. — Psilomelane. 
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2.  OXIDES  OF  Metals  of  thb  Absenic  and  Sulphue  Gboufs. 
Isometric — Arsenolite ;    eenarmontite.      Orthorhombic.  —  Clandetiie ; 

valcutinite ;  bismite,  etc 

3.  OXIDES  OF  THE  Cabbok-silioon  Gboup. — Quartz;  tridjmite;  ai- 
inaiiite ;  opal. 

IL  TERNARY  OXYGEN  COMPOUNDS. 

I.  SILICATES. — A  Anhydrous  Siucates. 

(a)  BisiLioATBS. — Salts  of  meta-silicic  acid,  n2Si08.  Qaantivaleni  ratio 
for  basic  elements  and  silicon,  1  :  2.  General  formula  RSiOs*  This  may 
be  written  :  R  |  O2 1  SiO,  to  indicate  that  part  only  of  the  oxygen  is  regarded 
as  linking  oxygen,  or,  taking  into  account  the  quanti valence  of  the  variooB 
basic  elements  that  may  be  present,  Rj,  aR,  )8Il  |  O2 1|  SiO, 

(a)  Arriphihole  group.  Pyroxene  section  (/A /=  86°-88°).  Orthorhom- 
bic. —  Eustatite  ;  hypersthene.  Monoclinic  —  Wollastonite ;  pyroxene ; 
acmite ;  segirite.  Triclinic. — Rhodonite  ;  babingtonite.  —  Spodiimene ; 
petalite. 

(i)  Arwphibole  section  {IaI=z  123^-125®).  Orthorhombic — ^Anthophyl- 
lite,  kupfferite.     Monodinic^  amphibole ;  arf vedsonite. 

Beryl.     Eudiahte.     PoUucite. 

ifii)  Unisilicates. — Salts  of  the  normal  silicic  acid,  H4Si04.  Quanti valent 
ratio  for  basic  elements  and  silicon,  1  :  1.  General  formula  R9Si04.  This 
may  be  written  :  Rj  I  O4  3  Si,  to  show  that  all  the  oxygen  is  regarded  aa 
linking  oxygen,  or,  R3,aR,  )8R  |  O4  1  Si.  The  latter  formula  shows  that, 
though  elements  of  different  quanti  valence  may  be  present,  the  same  nni- 
silicate  type  still  exists.  The  excess  of  silica  sometimes  present  in  both 
bisilicates  and  unisilicates,  as  well  as  other  deviations  from  the  ordinary 
types,  are  remarked  upon  in  the  pages  which  follow. 

{a)  Chrysolite  group.  Orthorhombic,  /A  7=91^-95^;  O  A 14  =  124*'- 
120°. — Chrysolite,  forsterite,  tephroite,  monticellite,  etc. 

(J)  WiUemite  group.  Hexagonal,  R  A  R  =  116°-117^.— Willemite,  diop 
tasc,  phenacite. 

(c)  Isometric     Helvite.     Danalite,  R2Si04-f  RS. 

(a)  Garnet  grov^.  Isometric — Q.  ratio  for  R  :  R  :  Si  =  1 : 1 :  2.  G^en- 
eml  formula  RgfiSigOia. 

[e)    Vesuvianite  group.  Tetragonal. — Zircon,  vesuvianite. 

^j)  Epidote  group.  Anisometric. — Epidote  ;  allanite  ;  :^oisite  ;  gadoli- 
nite ;  ilvaite. 

{gS  Triclinic.     Axinite.     Danburite. — (A)  lolite. 

Qc)  Mica  group.  It\l=i  120°.  Cleavage  basal  perfect;  optic  axis  01 
acute  bisectrix  noiinal  to  the  cleavage-plane. — Phlogopite;  biotite;  lepido 
luelane  ;  mnscovite  ;  lepidolite. 

(?)  Scapolite  group.  Tetragonal. — Sarcolite;  meioniUj;  wemerita; 
ekeber^te. 

{m)  Hexagonal.  Nephelite.  Isometric. — Sodalite  ;  haiiynite  ;  nosito ; 
leacite. 
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Feldsj»ar  group.  Monoclinic  or  triclinic  /A  7  near  120** ;  Q.  rsiio  foi 
R  :  ft  =  1  :  3.  Anorthite ;  labradorite ;  andesite ;  hjalopliai»e ;  oligo- 
clase  ;  albite  ;  oithoclase  (microcliue). 

(7)  ScBsiLiCATES, — (a)  Q.  ratio  for  bases  to  silicon,  4  :  3.  Choudrodite 
Tourmaline. 

(6)  Q.  ratio  for  bases  to  silicon,  3  :  2.  Genlenite. — Andalusite ;  fibrolite ; 
cjanite  (AlSiOe). — Topaz ;  euclase ;  datolite. — Guarinite ;  titanite ;  keil- 
faiauite ;  tscheffkinite. 

(0)  Q.  ratio  for  bases  to  silicon,  2  : 1.    Staurolite. 

B.  Hydrous  Silicates — General  Section. 

BisiLiCATES. — Pectolite  ;  lauinontite  ;  okenite. — Chrysocolla ;  alipite,  etc. 
UxisiLiCATiss. — Calamine;  prehnite. — Thorite.     Pyrosmalite. — ^Apophyl- 
lite. 
SuBsiLiCATES. — ^AUopliaoe. 

Zeolite  Section. 

Thomsonite  ;  natrolite  ;  scolecite  ;  inesolite. — Levynite* — Analcite.— 
Chabazite ;  ginelinite ;  herschelite. — ^Phillipsite. — Harinotome. — Stilbite ; 
beulandite. 

Maroaeophylute  Section. 

Bisiucates. — Talc.    Pyrophyllite. — Sepiolite ;  glaaconite. 

Unisilica TEB. — Serventiiie  group.  Serpentine  ;  dewejlite ;  genthite. 

Kaolinite  group.  Kaolinite  ;  pholerite  ;  halloysite. 

Pinite  group.  Pinite,  etc. ;  palagonite. 

Hydro-muja  group.  Fablunite ;  margarodite ;  damourite  ;  paragonite ; 
cookeite. — Ilisingerite. 

Chlorite  group.  Yermiculites,  Q.  ratio  of  bases  to  silicon,  1  :  1.  Pyro- 
Bclerite ;  jenerisite,  etc.i— Penninite. — Bipidolite ;  prochlorite. — Cliloritoid ; 
nmrgarite.     Seybertite. 


2.  TANTALATES,  COLUMBATES. 

Pyrochlore. — ^Tantalite;   columbite;  yttrotantalite ;    samarskite;  eaze> 
Dite ;  leschynite,  etc 


3.  PHOSPHATES,  ARSENATES,  VANADATES. 

Anhydrous. — Xenotime  TsPjOg ;  Ducherite. — Descloizite. 
Hexagonal.— Yorm\x[2^  3E8(P, As,  V),Os  4-  K(C1,F^      Apatite  ;   pyromor 
phite ;   inimetite ;  vanadinite. 
Wagnerite  ;  monazite. — ^Triphylite  ;  triplite. — Amblygcnite  (hebronite) 
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Hydrous. — Pharmacolite;  bruBhite. — Vivianite;  orythrita — Libethiniie; 
olivenite. — ^Liroconite  ;  pseudoinalacliite. — Clinoclasite. — ^Lazulite ;  scoro- 
dite  ;  wavellite ;  pharmacoaiderite. — Childreuite. — Turquois ;  cacozenito. 
— Torberiiite;  autunite. 

Hydrous  aniiinonate, — Bindheiinite. 


i.  BORATES. 

Sassolitc  ;   sussexite  ;   ludwigite. — ^Boracite  ;   nlexite  ;   priceite. — ^War* 
wickite. 


6.  TUNGSTATES,    general   formula   EWO*;    MOLYBDATES,  BM0O4; 

OHROMATES,  RCr04. 

Wolframite;  scheelite;  stolzite. — ^Wulfenito. — Crocoite;  phcBiiicochroita. 


6.   SULPHATES. 

Anhydeous. — General  formula  RSO4.  Orthorhombic  /A  /  =  100^-106^ 
— ^Barite ;  celestite ;  anhydrite ;  anglesite  ;  zinkoeite  ;  leadhillite. 

Caledoiiite. — Dreelite ;  susannite  ;  connellite. — Glauberite ;  lanarldte. 

Hydroub  suLpnATES. — Mirabilite. — Gypsum.  — ^Polyhalite. — Epsomite. 

Copperas  group.  Chalcanthite,  GuS04+5aq,  also  the  other  vitriolSj 
ES04+7aq. 

Copiapite. — Alurainitc. — Linarite ;  brochantite,  etc 

TsLLUBATBS. — Moutanite,  BiaTeO^-f  2aq. 


7.  CARBONATES. 

Anhydrous. — Calcite  group.  Rhomboheditd.  General  formula,  KCO^ 
— Calcite  ;  dolomite ;  magnesite ;  siderite  ;  rhodochroeite  ;  smithsonite. 

Ariigonite  group.  Ortnorliombic. — Aragonite  ;  witherite  ;  strontiaiiite  ; 
oeruBsite ;  baryto-calcite. — Phoegenite. 

Hydrous  carbonates. — Gaylussite, — Hydromaghesite. — Hydrczincite  • 
malachite ;     azurite. — Bismutite,  etc. 


VL  HYDROCARBON  COMPOUNDS. 


L  NATIVE  ELEMENTS. 


Isc'metriv.  The  octahedron  and  dodecahedron  the  most  commcn  fomii. 
Crystals  sotnetimee  acicular  throngh  elongation  of  octa- 
hcdi-al  or  other  forma ;  also  passing  into  filiform,  reti- 
culated, and  ai-borascent  shapes ;  and  occasionally 
epoogiform  from  an  ^^regation  of  filaments ;  edges  of 
crystala  often  salient  ^415).  Cleavage  none.  Twine: 
twinning-plane  octahedral.  Also  massive  and  in  thin 
laininffi.  Often  in  fiattened  grains  or  scales^  and  rolled 
masses  in  sand  or  gravel. 

H.=2-5-3.     a=15-6-19-5;  19-30-19-34,  when  quite 
pure,  G-.   Rose.     Lnstro    metallic.     Color   and  eti-eak 
various  sliades  of  gold-yellow,  sometimes  inclining  to  silver-white.     Very 
diiutile  and  malleable. 

OompoUtlon,  TulaU**. — Gold,  tmt  conlaitilitK  allrer  la  diSetent  proportiona,  and  soine- 
timesftlBOtraceBof  copper,  Iron,  bismath  (muUinute),  palladiniD,  rhodinm.  Var.  1.  Ordinarg, 
Coa\aiiaag  0'1<I  to  10  p.  o.  of  Bilver.  Color  Ti^piig,  aocoidiDgij',  from  deep  gold-yellow  to 
pale  jellaw ;  Q.  =19-IS'S.  2.  ATgentifrrtnu  ;  KUctrum.  Color  pale  Tellow  to  jrellowish 
white;  G.  — ISo-iaa.  Eatio  for  the  gold  andBilyerof  1  :  1  eorreipondsto35-5p,  o.  of  nlver, 
2:  1.  to  31-8  p-  c. 

The  average  proportion  of  gold  in  the  natlTe  gold  of  California,  an  derived  from  aasaTa  ol 
■everal  hundred  milliona  of  dollars'  worth,  is  ^0  thoosandtha ;  while  the  range  is  mOBtlj 
between  870  and  890  (Prof.  J.  C.  Booth,  of  U.  S.  Mint).  The  range  in  the  metal  of  Aoatralia 
ia  moatly  between  900  and  960,  with  an  average  of  !l£o.  The  gold  of  the  Chandi^re,  Canada. 
ContaiiiB  OHnallj  10  to  IS  p  o,  of  silrer ;  while  that  of  Nova  Sootia  is  recj  nearly  pure.  Ths 
Chilian  gold  afforded  Domeyko  84  to  9S  per  cent,  of  gold  and  13  to  ^  per  cent,  of  ailTei;. 
(Ann.  d.  MicM,  IV.  tL) 

Pyrogcoatic  and  oChar  Ohemlcal  OhaiactarB.— B.B.  fuse*  euilj.  Not  acted  on  by  flozeib 
Inaolable  in  any  single  add  ;  aolable  In  oitro-bydrochlorio  aoid  (aqua-regia). 

Ji.B. — BeaJilj  reoogniied  by  it*  malleability  and  apeciSo  gravity.  DiatioHraiahed  l^  ita 
uuolQbility  ii  nitric  acid  from  pyrite  and  chaloopyriM. 

Obsarvations — Native  gold  ia  foand,  when  i/i  tilu,  with  oompamtively  amall  exceptions, 
in  the  qnarli  veina  that  intersect  metamorphic  rocks,  and  Co  soma  extent  in  the  wall  rock  of 
theae  veina.  The  metamoiphio  rocks  thus  intersected  are  moatly  ohloritic,  tnlcose,  and 
argillaceons  schiat  of  dall  green,  dark  gray,  acd  other  colors ;  also,  much  less  commonly, 
mica  and  homblendic  Hchist,  gneias,  dioryte,  porphyry;  and  aCitl  more  rarely,  granite.  A 
Umituit«d  quarttyis,  called  itacolnmyte,  ia  common  iu  man;  gold  regions,  M  those  of  Braiil 
and  North  Carolina,  and  sometimes  xpecnlar  schiBta,  or  slaty  rocka  containing  much  fuliated 
■pocnlar  iron  (hematite),  or  magnetite  io  grains. 

Tbe  gold  oocnrs  in  the  quarts  in  Btrings,  scales,  platea,  and  in  masses  which  are  sometimcf 
an  agglomcnttton  of  oryatola  ;  and  the  HColee  are  often  inviaible  to  the  naked  eye,  maasivs 
qnatta  that  apparently  contains  no  gold  frequently  yielding  a  considerable  percentage  to  the 
aasnyer.  It  is  always  very  irri^ularly  distributed,  and  never  in  contiouous  pure  bands  o( 
mctKi.  like  many  metallic  ores.  It  oocnrs  b<itb  diHseminated  through  the  inase  of  the  quarts, 
and  io  it<  c-iTities.  The  assodated  mineraU  are :  pyrite,  which  far  exceeds  in  quantity  all 
othrrs..  and  is  generally  aurifmnit ;  next,  cLalcopyrite,  galenite,  sphalerite,  arsenopynte, 
each  frequently  anriferona ;  often  tetradymite  and  other  tallurinm  urea,  native  bismuth,  stib 
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from  the  grave]  or  sands  of  riyers  or  valleys  in  auriferons  regions,  or  the  slopes  of  nicitmteiot 
or  hills,  whose  rocks  contain  in  some  part,  and  generally  not  far  distant,  anriferous  veins, 
8uch  m  ines  are  often  called  alluvial  toashings  ;  in  California  placer-dig ffinga.  Most  of  the  gold 
of  the  Urals,  Brazil,  Australia,  and  all  other  gold  regions,  has  come  ftrom  such  alluvial  wash- 
iii<>^R.  The  alluvial  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  size 
d(.|)endin<>  partly  on  the  original  condition  in  the  quartz  veins,  and  partly  on  the  distance  to 
w  hich  it  has  been  transported.  Transportation  by  running  water  is  an  assorting  process  ;  the 
c.'jarnoi'  particles  or  largest  pieces  requiring  rapid  currents  to  transport  them,  and  dropping 
iii-ftt,  and  the  finer  being  carried  far  awny — sometimes  scores  of  miles.  A  cavity  in  the  rocky 
^('pes  or  bottom  of  a  valley,  or  a  place  where  the  waters  may  have  eddied,  generally  proves 
in  such  a  region  to  be  a  pocket  full  of  gold. 

In  the  anriferous  sands,  crystals  of  zircon  are  very  oommon ;  also  garnet  and  pyanite  io 
grains;  often  also  mouazite,  diamonds,  topaz,  magnetite,  corundum,  iridosmine,  platinum. 
The  zircons  are  sometimes  mistaken  for  diamonds. 

Gold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of  crystal- 
line rocks,  especially  those  of  the  semi-crystalline  schists ;  and  also  in  some  of  the  large 
islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  is  most  abundant  in  Hungary  and 
in  Transylvania ;  it  occurs  also  in  the  sands  of  the  Rhine,  the  Reuss,  the  Aar,  the  Rhone,  and 
the  Danube ;  on  the  southern  slope  of  the  Pennine  Alps,  from  the  Simplon  and  Monte  Boss 
to  the  valley  of  Aosta ;  in  Piedmont ;  in  Spain,  formerly  worked  in  Asturias  ;  in  many  of  the 
streams  of  Cornwall ;  near  Dolgelly  and  other  parts  of  North  Wales  ;  in  Scotland  ;  in  the 
county  of  Wicklow,  Ireland  ;  in  Sweden,  at  Edelfors. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Bercsov  mines  near  Katharinenburg  (lat.  56°  40'  N. ) ;  also  obtained  at  Petro- 
pavlovski  (GO"  N.) ;  Nischne  Tagilsk  (50^  N.) ;  Miask,  near  Slatoust  and  Mt.  Ilmen  (SS**  N., 
where  the  largest  Russian  nugget  was  found),  etc.  Asiatic  mines  occur  also  in  the  Cailas 
Mount:iius,  in  Little  Thibet,  Ceylon,  and  Malacca.  China,  Corea,  Japan.  Formosa,  Sumatra, 
Java,  I  >omeo,  the  Philippines,  and  other  East  India  Islands. 

In  Africa,  gold  occurs  at  Kordof an,  between  Darfour  and  Abyssinia ;  also,  south  of  the 
Sahara  in  Western  Africa,  from  the  Senegal  to  Cape  Palmas  ;  in  the  interior,  on  the  Somat, 
a  day's  journey  from  Cassen  ;  along  the  coa.st  opposite  Madagascar,  between  82^  and  i$5^  S., 
suppoeod  by  some  to  have  been  the  Opkir  of  the  time  of  Solomon. 

In  South  America,  gold  is  found  in  Brazil;  in  New  Granada  ;  Chili ;  in  Bolivia  ;  sparinglj 
in  Peru.  Also  in  Central  America,  in  Honduras,  San  Salvador,  Guatemala,  Costa  Rica,  and 
near  Panama  ;  most  abundant  in  Honduras. 

In  North  America,  there  are  numbt^rless  mines  along  the  mountains  of  Western  America, 
and  others  along  the  eastern  range  of  the  Appalachians  from  .Alabama  and  Georgia  to  Labra- 
dor, besides  some  indications  of  gold  in  portions  of  the  intermediate  Arohean  region  about 
Lake  Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico,  and  in  New  Mexico,  in  Arizona,  in  the  San  Francisco,  Wauba.  Yuma,  and  other 
districts ;  in  Colorado,  abundant,  but  the  gold  largely  in  auriferous  pyrite ;  in  Utah,  and 
Idaho,  and  Montana.  Also  along  ranges  between  the  summit  and  the  Sierra  Nevada,  in  the 
Humboldt  region  and  elsewhere.  Also  in  the  Sierra  Nevada,  mostly  on  its  western  sk>pe 
(the  mines  of  th^"  eastern  being  principally  silver  mines).  The  auriferous  belt  may  be  said  to 
begin  in  the  Calitomian  peninsula.  Near  the  Tejon  pass  it  enters  California,  and  beyond  for 
180  miles  it  is  sparingly  auriferous,  the  slate  rocks  being  of  small  breadth ;  but  beyond  thi.s. 
northward,  the  slates  increase  in  extent,  and  the  mines  in  number  and  productiveness,  and 
ihey  continue  thus  for  200  miles  or  more.  Gold  oocurs  also  in  the  Coast  ranges  in  many 
localities,  but  mostly  in  too  small  quantities  to  be  profitably  worked.  The  re^ons  to  the 
north  in  Oregon  and  Washington  Territory,  and  the  British  Poasessions  further  north,  as  also 
our  possessions  in  Ala.<«ka,  are  at  many  points  auriferous,  and  productively  so,  though  to  u 
less  extent  than  California. 

In  eastern  North  America,  the  mines  of  the  Southern  United  States  produced  before  the 
California  discoveries,  in  1^840,  about  a  million  of  dollars  a  year.  They  are  mostly  confined 
to  the  States  of  Virginia,  North  and  South  Carolina,  and  Georgia,  or  along  a  line  from  the 
Rappahannock  in  the  Coosa  in  Alabama.  But  the  region  may  be  said  to  extend  north  to 
Canada ;  for  gold  has  been  found  at  Albion  and  Madrid  in  Maine ;  Canaan  and  Lisbon,  N.  H.  ; 
Bridgewater,  Vermont ;  Dedham,  Mass  Traces  occur  also  in  Franconia  township,  Mont- 
gomery Co.,  Pennsylvania.  In  Canada,  gold  occurs  to  the  south  of  the  St.  Lawrenoe,  in  the 
•oil  on  the  Chaud'^xe,  and  over  a  considerable  region  beyond.  In  Nova  Scotia,  mines  are 
«vorked  near  Halifax  and  elMCwbere. 

In  Australia,  which  is  fully  equal  to  California  in  productiveness,  and  much  superior  in  the 
purity  of  the  metal,  the  principal  gold  mines  occur  along  the  streams  in  the  monntainis  ot 
N.  S.  Wales  (S.  R  Ansftralia),  and  along  the  continuation  of  the  same  range  in  VIoioria 
\8.  Aoftralia). 
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Ifionietric.  Cleavage  none.  Twins :  twinning-plane  octahedral.  Com- 
monly coarse  or  fine  filiform,  reticulated,  arborescent ;  in  the  latter,  tlie 
branches  pass  oflf  either  (1)  at  right  angles,  and  are  crystals  (usually  octa- 
hedrons) elongated  in  the  airection  of  a  cubic  axis,  or  else  a  succession  of 
partly  overlapping  crystals ;  or  (2)  at  angles  of  60®,  they  being  elongated  in 
the  airection  of  a  dodecahedral  axis.  Crystals  generally  obliquely  pro- 
longed or  shortened,  and  thus  greatly  distorted.  Also  massive,  and  in 
plates  or  supei'ficial  coatings. 

H.=2*5-3.  G.=10*l-ll*l,  when  pure  10-5.  Lustre  metallic.  Color 
and  streak  silver-white ;  subject  to  tarnish,  by  which  the  color  becomes 
grayish-black.     Ductile. 

Oomp.,  Var. — SOyer,  with  some  copper,  gold,  and  Bometiines  platinum,  ontimonj,  biamnth, 
meioaiy. 

Ordinary,  (a)  crystallized ;  {b)  filiform,  arborescent ;  (0)  massiye.  Auriferous.  Containn 
10  to  80  p.  o.  of  gold ;  color  white  to  pale  brass-yeUow.  There  is  a  gn^adiial  passage  to  argen* 
tiferous  gold.     Cypriferotta,    Contains  sometimes  10  p.  o.  of  copper. 

Pyr.,  etc. — B.B.  on  charcoal  fuses  easily  to  a  sUyer- white  globule,  which  in  O.F.  giyes  a 
faint  dark-  red  coating  of  the  oxide ;  crystallizes  on  cooling.  Soluble  in  nitric  acid,  and 
deposited  again  by  a  plate  of  copper. 

Obs. — Natiye  sUyer  occurs  in  masses,  or  ift  arborescent  and  fiUform  shapes,  in  yeins  trayen- 
ing  gneiss,  schist,  porphyry,  and  other  rocks.  Also  occurs  disseminated,  but  usuaUy  inyisibly, 
in  natiye  copper,  galenite,  chalcocite,  etc. 

The  mines  of  Eongsberg,  in  Norway,  haye  atforded  magnificent  specimens  of  natiye  silycr. 
The  principal  Saxon  localities  are  at  Freiberg,  Schneeberg,  and  Johanngeorgenstadt ;  the 
Bohemian,  at  Przibram,  and  JoachimsthaL  It  also  i^urs  in  smaU  quantities  with  other  ores, 
at  Andreasberg,  in  the  Harz :  In  Suabia ;  Hungary ;  at  Allemont  in  Dauphiny ;  in  the 
Ural  near  Beresof  ;  in  the  Altai,  at  Zm6off  ;  and  in  some  of  the  Cornish  mines. 

Mexico  and  Peru  haye  been  the  most  produotiye  countries  in  silyer.  In  Mexico  it  has 
been  obtained  mostly  from  its  ores,  while  in  Peru  it  occurs  principally  natiye.  In  Durango, 
Sinaloa,  and  Sonora,  in  Northern  Mexico,  are  noted  mines  affording  native  silver. 

In  the  United  States  it  is  disseminated  through  much  of  the  copper  of  Michigan,  occasion- 
ally in  spots  of  some  size,  and  sometimes  in  cubes,  skeleton  octahedrons,  etc. ,  at  various 
mines.  In  Idaho,  at  the  *'Poor  Man^s  lode,"  large  masses  of  native  silver  have  lieen  ob- 
tained. In  Nevada,  in  the  Oomstook  lode,  it  is  rare,  and  mostly  in  filaments  ;  at  the  Ophif 
mine  rare,  and  disseminated  or  filamentous ;  in  Calif omia,  sparingly,  in  Silver  Mountain  dis* 
triot,  Alpine  Co. ;  in  the  Maris  yein,  in  Los  Angeles  Co. ;  in  the  township  of  Ascot,  Canada. 


PLATIKUM. 


iBometric.  Rarely  in  cubes  or  octahedrons.  Usnally  in  grains ;  occft' 
nonally  in  irregular  lumps,  rarely  of  large  size.     Cleavage  none. 

a=4r-4-5.  G.=16-19;  17-108,  small  grains,  17-608,  a  mass,  Breith. 
L\i8tre  metallic.  Color  and  streak  whitish  steel-gray  ;  shining.  Opaque. 
Ductile.     Fracture  hackly.     Occasionally  magneti-polar. 

Oomp.— Platinum  oombined  with  iron,  iridium,  osmium,  and  other  metals.  The  amount 
of  iron  yaries  from  4-20  p.  o, 

Pyr.,  etc. — Infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the  state  ol 
flnc  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Bolable  on^  in  heated  nitro 
bydroohlorio 
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IH£L — DistingtuBhed  by  its  malleability,  high  spedfio  grayiiy,  infasibilitj,  and  entire  ineol 
ability  in  the  onlinary  acids. 

Obs. — Platinum  was  first  found  in  pebbles  and  small  g^rains  in  the  alluvial  deposits  of  ihi 
river  Pinto,  in  the  district  of  Choco,  near  Popayan,  in  8outh  America,  where  it  received  iti 
name  piatina,  from  plata^  silver.  In  the  province  of  Antioquia,  in  Branl,  it  has  been  foimd 
in  auriferous  regions  in  syenite  (Boussingault). 

In  Russia,  it  occurs  at  Nischne  Tagilsk,  and  Gk>roblagodat,  in  the  Ural,  in  alluvial  materiaL 
Formerly  used  as  coins  by  the  Eussions.  Russia  affords  annually  about  800  cwt.  of  platinum, 
which  is  nearly  ten  times  the  amount  from  Brazil,  Columbia,  St.  Domingo,  and  Borneo 
Platinum  is  also  found  on  Borneo  ;  in  the  sands  of  the  Rhine;  at  St.  Aray,  val  du  Drac^ 
county  of  Wicklow,  Ireland ;  on  the  river  Jocky,  St.  Domingo ;  in  California,  bat  not  abon* 
dant :  in  traces  with  gold  in  Rutherford  Co.,  Nortii  Carolina ;  at  St.  Francois  Beanoe,  eta, 
Canada  East. 

Platiniridixtm.  — Platinum  and  iridium  in  different  piopbrtion&    Urals ;  Braiil. 

PALLADIUM. 

Isometric.  In  minnte  octahedrons,  Haid.  Mostly  in  grains,  sometimes 
composed  of  diverging  fibres. 

H.=4'5-5.  G.=ll*3-ll-8,  WoUaston.  Lnstre  metallic.  Color  whitish 
steel-gray.     Opaque.     Ductile  and  malleable. 

Oomp. — Palladium,  alloyed  with  a  little  platinum  and  iridium,  but  not  yet  analysed. 

Obs. — Palladium  occurs  with  platinum,  in  Braril,  where  quite  large  masses  of  the  metal 
are  sometimes  met  with  ;  also  reported  from  St.  Domingo,  and  the  UraL 

Palladium  has  been  employed  for  balances  ;  also  for  the  divided  scales  of  delicate  appazatoo, 
for  which  it  is  adapted,  because  of  its  not  bladcening  from  sulphur  gases,  while  at  ^e  same 
time  it  is  nearly  as  white  as  sUver. 

IRID08MINB.    Osmiridinm. 

Hexagonal.  Rarely  in  hexagonal  prisms  with  replaced  basal  edges. 
Commonly  in  irregular  flattened  grains. 

IL=6-7.  G.=19'3-21-12.  Lustre  metallic.  Color  tin-white,  and  light 
steel-gray.     Opaque.     Malleable  with  difficulty. 

Oomp.,  Var. — Iridium  and  osmium  in  different  proportions.  Two  varieties  depending  on 
these  proportions  have  been  named  as  species,  but  they  are  isomorphous,  as  are  the  metals 
(6.  Rose).     Some  rhodium,  platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.  1.  NeiDfa7iskUe,  K&id. ;  IL=7;  G.=18'8~19'5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  Iridium.     Probably  IrOs. 

2.  Sisserskite^  Haid.  In  flat  scales,  often  six-sided,  color  grayish- white,  steel-gray.  G.  -^ 
20-21  '2.  Not  over  30  p.  c  of  iridium.  One  kind  from  Nischne  Tagilsk  afforded  Borsehus 
[iOs4=Iridium  10*0,  osmium  801=100 ;  G.  =21*118.  Another  corresponded  to  the  formula 
Ir08». 

Pyr.,  etc. — At  a  high  temperature  the  siseerskite  gives  out  osmium,  but  undeigoes  no 
further  change.  The  newjanskite  is  not  decomposed  and  does  not  give  an  osmium  odor  until 
fused  with  nitre. 

Diff'. — Distinguished  from  platinum  by  its  superior  hardness. 

Obs. — Occurs  with  platinum  in  the  province  of  Clioco  in  South  America  ;  in  the  Ural  moun- 
tains ;  in  Australia.  It  is  rather  abundant  in  the  auriferous  beach-sands  of  northern  Cali- 
fornia, occurring  in  small  bright  lead -colored  scales,  sometimes  six-sided.  Also  tnusee  in  thi 
gold-washings  on  the  rivers  du  Loup  and  dee  Plantes,  Canadab 

MZSROUR7.    Quicksilver.     Gediegeu  Quecksilber,  Oerm, 

leometrie.    Occurs  iu  small  fluid  globules  scattered  through  its  gangua 
G.s=  13.568.    Lustre  metallic.    Color  tin- white.    Opaque, 
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Oomp. — Pare  mercnxy  (Hg) ;  with  sometimes  a  little  silyer. 

Pjnr*)  etc. — B.B.,  entirely  volatile.     Dissolves  readily  in  uitrio  add. 

Obs. — Mercury  in  the  metallio  state  is  a  rare  mineraJ ;  the  quicksilyer  of  oommeroe  is  ob- 
tained mostly  from  cinnabar,  one  of  its  ores.  The  rooks  affording  the  metal  and  its  otes  an 
mostly  clay  shales  or  schists  of  different  geological  ages. 

Its  most  important  mines  are  those  of  Idria  in  Camiola,  and  Almaden  in  Spain.     It  ia 
found  in  small  quantities  in  Carinthia,  Hungary,  Peru,  and  other  countries ;  in  GalifomiA 
specially  in  the  PLuneer  mine,  in  the  Napa  Valley. 


AMALGAML 

Isometric.  The  dodecahedron  a  common  form,  also  the  cube  and  octa 
liedi-on  in  combination  (see  f.  40,  41,  etc.,  p.  15).  Cleavage :  dodecahcdral 
in  traces.     Also  massive. 

H.=3-3-5.  G.=13.75-14.  Color  and  streak  silver-white.  Opaque. 
Fi-acture  couchoidal,  uneven.  Brittle,  and  giving  a  grating  noise  wnen 
cut  with  a  knife. 

Oomp.— Both  Ag  Hg  (=Silver  35*1,  mercury,  64 -9),  and  AgsHgt  (=Silyer  26 '5,  and  mer- 
cury, 73*5),  are  here  included. 

Pyr.,  ate, — B.B.,  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silyer  is  leftw  In  the 
closed  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute  glo- 
bules.    Dissolves  in  nitric  acid. 

Obs. — From  the  Palatinate  at  MosoheUandsberg.  Also  reported  from  Bosenau  in  Hungary, 
Sala  in  Sweden,  AUemont  in  Dauphin^,  Almaden  in  Spain. 

Arqu£BIT£.— Composition  Agi9Hg=Bilyer  86*6,  merouiy,  ld'4=100.  Chili  KoN^s- 
BSBOITB,  AgisHg  (?)  Kongsberg,  Norway. 


Isometric.  Cleavage  none.  Twins:  twinning-plane  octahedral,  very 
common.  Often  filirorm  and  arborescent:  the  latter  with  the  braiiches 
passing  off  usually  at  60^,  the  supplement  or  the  dodecaliedral  angle.  Also 
massive. 

H.= 2*5-3.  G. =8*838,  Whitney.  Lustre  metallic.  Color  copper-red. 
Streak  metallic  shining.     Ductile  and  malleable.     Fracture  hackly. 

Oomp. — Pure  copper,  but  often  containing  some  sUyer,  bismuth,  etc. 

Pyr,,  etc. — B.B.,  fuses  readily  ;  on  cooling,  becomes  coyeied  with  a  coating  of  block  oziae. 
Dissolyes  readily  in  nitric  acid,  giying  off  red  nitrous  fumes,  and  produouig  a  deep  azure-blue 
solution  upon  the  addition  of  ammonia. 

Obs. — Copper  occurs  in  beds  and  yeins  accompanying  its  yarious  ores,  and  is  most  abundant 
in  the  yicinity  of  dikes  of  igneous  rooks.  It  is  sometimes  found  in  loose  masses  imbedded  in 
the  soiL 

Found  at  Turinsk,  in  the  Urals,  in  fine  crystals.  Common  in  ComwaU.  In  Brazil,  Chili, 
Boliyia,  and  Peru.     At  Walleroo,  Australia. 

This  metal  has  been  found  native  throughout  the  red  sandstone  (Triassico -Jurassic)  region 
of  the  eastern  United  States,  in  Massachusetts,  Connecticut,  and  more  abundantly  in  New 
Jersey,  where  it  has  been  met  with  sometimes  in  fine  crystaUine  masses.  No  known  locality 
exceeds  in  the  abundance  of  natiye  copper  the  Lake  Superior  copper  region,  near  Keweenaw 
Point,  where  it  exists  in  yeins  that  intersect  tbo  trap  and  sandstone,  ai:d  where  masses  ol 
immense  size  haye  been  obtained.  It  is  associated  with  prehnite,  d  it  elite,  analcite,  laumon* 
tite,  pectolite,  epidote,  chlorite,  wollastonite,  and  sometimes  coats  amygdules  of  caldte. 
tto.,  in  amygdaloid.  Natiye  copper  occurs  sparingly  in  California.  Also  on  the  Gila  riyei 
ia  Arizona ;  in  large  drift  masses  in  Alaska. 

15 
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IRON.* 

Ifiometric.    Cleavage  octahedral. 

H.=4'6.    G.=7*3-7'8.    Ln^tre  metallic.    Color  iron-gray.    Streak  ehin 
!jig.    Fracture  hackly.     Malleable.    Acts  strongly  on  the  magnet. 


Obs, — The  oocurrenoe  of  masses  of  native  iron  of  terrestrial  origin  has  been  seyeral  timet 
reiK>rted,  but  it  is  not  yet  placed  beyond  doubt  The  presence  of  metallic  iron  in  grains  in 
basaltic  rocks  has  been  proved  by  several  observers.  It  has  also  been  noticed  in  other  related 
rocka  The  so-called  meteoric  iron  of  Ovifak,  Greenland,  found  imbedded  in  basalt,  ia  oon- 
aidered  by  some  authors  to  be  terrestrial. 

Meteoric  iron  usually  contains  1  to  20  per  cent,  of  nickel,  besides  a  small  percentage  of 
other  metals,  as  cobalt,  manganese,  tin,  copper,  chromium  ;  also  phosphorus  oommon  as  a 
phoephuret  (schreibersite),  sulphur  in  sulphurets,  carbon  in  some  instances,  chlorine.  Among 
large  iron  meteorites,  the  Gibbs  meteorite,  in  the  Yale  College  cabinet,  weighs  1,635  Ibe. ;  it 
was  brought  from  Bed  River.  The  Tucson  meteorite,  now  in  the  Smithsonian  Institntioii, 
weighs  1,400  lb&  ;  it  was  originally  from  Sonora.  It  is  rhig-shaped,  and  is  ^  inches  in  its 
greatest  diameter.  Still  more  remarkable  masses  exist  in  northern  Mexico  ;  also  in  South 
America ;  one  was  discovered  by  Don  Rubin  de  Celis  in  the  district  of  Ghaco-Gualamba, 
whose  weight  was  estimated  at  82,000  lbs.  The  Siberian  meteorite,  discovered  by  Pallas, 
weighed  originally  1,600  lbs.  and  contained  imbedded  crystals  of  ohiysolite.  Smaller  masses 
are  quite  common. 

ZiMC. — ^Native  zinc  has  been  reported  to  occur  in  Australia;  and  more  recently  Mr.  W. 
D.  Marks  reports  its  discovery  in  Tennessee,  under  circumstances  not  altogether  free  from 
doubt 

Lead. — Native  lead  occurs  veiy  sparingly.  It  has  been  found  in  the  Urals,  in  Spain, 
Ireland,  etc.  Dr.  Genth  speaks  of  its  discoveiy  in  the  bed  rook  of  the  gold  plaoezB  at  Camp 
Creek,  Montana. 

Tin  is  probably  only  an  artificial  product. 


ARBBNIO. 

Ehombohedral.  i?  A  i?  =  85°  41',  (?  A  ^  =  122°  9',  c  =  1-3779,  Miller. 
Cleavage :  basal,  imperfect.  Often  granular  massive ;  sometimes  reticu- 
lated, renifonn,  and  stalactitic.     Structure  rarely  columnar. 

H.=3*5.  G.=6*93.  Lustre  nearly  metallic.  Color  and  streak  tin-white, 
tai  nishing  soon  to  dark-gray.    Fracture  uneven  and  line  granular. 

Oomp. — ^Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold,  or  bismuth. 

Pyr. — B.B.,  on  charcoal  yolatilizes  without  fusing,  coats  the  coal  with  white  arsenous  oxide, 
and  affords  the  odor  of  garUo ;  the  coating  treated  in  B.F.  volatilizes,  tinging  the  flame  blue. 

Obs. — Native  aisenio  commonly  occurs  in  veins  in  crystalline  rocks  and  the  older  schista, 
and  is  often  accompanied  by  ores  of  antimony,  red  silver  ore,  realgar,  sphalerite,  and  other 
metallic  minerals. 

The  sUver  mines  of  Saxony  afford  this  metal  in  considerable  quantities  ;  also  Bohemia,  the 
Harz,  Transylvania,  Hungary,  Norway,  Siberia ;  occurs  at  Ghanardllo,  and  elsewhere  in 
Chili;  and  at  the  mines  of  San  Augustin,  Mexico.  In  the  United  States  it  haa  bean 
observed  at  HaverhiU  and  Jackson,  N.  H.,  at  Greenwood,  Me. 

ANTIMONT. 

Ilhombohedral.  i?  A  i?  =  87^  36',  Kose ;  OaR  =  123^  32' ;i-  1-8068, 
3  A  2  =  89°  25'.  Cleavage :  basal,  highly  perfect  ;--i  distinct  Gtenerallj 
maEsi  ve,  lamellar ;  sometimes  botryoidal  or  ronif  orm  with  a  granular  textnre 

*  The  asterisk  in  this  and  similar  cases  indicates  that  the  species  is  mentioned  again  in 
the  Supplementary  Chapter,  pp.  420  to  440. 


«!7 

H.=8-S^.    6.=6-646-e-72.    Lustre  metmllic    Oolor  mnd  streak  tin- 
white    Terv  brittle. 

Ocanp, — AiitinKMn'.  ixfrtiTnii^  mB^iiiMe  irilrcir,  iron,  or  ttramic 

Fyr.— B.B..  on  ebazuAl  fxum.  gires  a  ^riiite  ooiithv^in  both  O.  and  ItF.  ;  If  tho  bkfr^ 


he  intennittod,  the  giotaole  oontmneB  to  glow.  ghringOT  white  fimias,  until  it  is  finally  ormtM 
cnrisr  witii  priwnatic  OTBtalB  of  antimonoos  codde.  llie  whiteooating  tinges  tbe  E.F.  blni»b- 
gzeen.     CrFBtallinw  ToadilT  from  Insiaii, 

OocnzxB  jioKT  fiaiil  in  fiweden ;  at  Andreaebezg  in  the  Han ;  at  Pnabram ;  at  Allemont  in 
Danpfainy;  inllezioo;  Chili;  Borneo;  at  South  Ham,  Canada;  atWarrm,  K  J  ,  rare;  at 
pxxnoe  William  aniiintai^  mine,  K.  Bmnawiok,  xsre. 

Au^EKQRTiTS. — ^Anenioal  antimoqy,  8b4a».  Colar  tin-wbite  or  leddiih-gniy.  Ooouia  HI 
AQemant;  inBohemia;  titeHazx. 


Hexai^onal.  ^a5  =  87*^40',  G.Roee;  6^  A  J?  =  iaS*»  S6' ;  ^  =  1-80S5. 
C3e»vage :  basal^  perfect ;  2,  — ^  leas  «a  Also  in  reticulated  «nd  arbores- 
oent  fihapee ;  foliated  and  granular. 

lL=2-2*5.  G.=9-727-  Lustre  nietallic.  Streak  and  color  silver^white, 
with  a  reddish  hae ;  subject  to  tarnish.  Opaque.  Fractnre  not  obsen'able. 
Bectile.     Brittle  when  cold,  bnt  when  heated  somewhat  nnalleable. 


Otaam  Tac — -Pnze  bianniflL,  with  oonwimial  traoes  of  azamio,  aalphmr,  teillnrinm. 

Pyz.,  etc — ^B.B.,  cm  nhamnal  faaes  and  esitire^  Tolatiliaea,  giving  a  coating  orange-ytUow 
while  hot,  and  lemon-jellow  on  cooling.  Dissolves  in  nitric  aoSd ;  aabeeqnent  dihitiott  CMMi 
a  white  preoqntate.     Oxyitalliaes  readily  from  fosion. 

HdL — I>iatingaiBhad  if  its  reddish  oikfL,  and  high  ifieoiae  gravii;^,  firom  the  dher  britiN 


Ofaa. — Biamnth  ooons  in  -yaai  m  gomm  and  other  ccyatilline  tcoka  and  clay  tiale,  acoovn- 
fUMjing  Tsrions  cset  of  ailvec,  ookuJi,  lead,  and  riac  Abaadaat  at  1^  «ilTer  aiid  cobalt 
flunea  of  Saxony  and  Bohemia;  also  found  in  Norway^  aad  at  Pnhlan  in  Sweden.  At  Wheal 
Spamon,  and  elsewhere  in  Oomwall,  and  at  Carraok  Fell  in  Camberiand  •  at  the  AilM  min<\ 
IXeronshire ;  at  Meymae,  Corxdae ;  at  San  Antonio,  Chili ;  Mt  niamiM  (Sorata))  in  Bdivia ; 
In  Tietaxia. 

At  Lane's  mine  in  Monroe,  and  near  Seymoor,  Oonn..,  in  ^aarta ;  oooan  alao  al  Btaw«r^ 
Ca»eatei£dd  diatriot,  Soath  Ouolina ;  in  Ooloiado. 


Hexagonal,  i?  A  i?  =  86^  67',  G.  Rose ;  <?  A  7^  =  193^  4',  i  =  18801 
In  six-sided  prisms,  with  basal  edges  replaced.  Cleavage :  lateral  perfect, 
basal  imperfect.     Commonly  massive  and  granular. 

H.=2-2-5.  G.=6-l-6*3.  Lustre  metallic.  Color  and  sti-eak  tin-white. 
Brittle. 

Comp.— According  to  Klaproth,  TeUorinm  92 '65,  iron  7*90.  and  ffold  0*80. 

Tjr. — In  the  open  tnbe  foses,  giving  a  white  sublimate  of  teuorouii  oxide,  which  B.B« 
fnsea  to  colorless  transparent  drops.  On  charcoal  foses,  YolatUises  almost  entirely,  tlngei  th« 
flame  green,  and  gives  a  white  ooatiug  of  tellaroas  oxide. 

Obs. — Native  tellurium  occurs  in  Transylvania  (whcnw  thenamp  S^iiimite) ;  also  al  the 
Bed  Cloud  mine,  near  Gold  Hill,  Boulder  Co.,  Colorado. 


DBBOBIFTIVB  HINERALOOT. 


HATIVS  SUIfHOR. 

Orthorhombic.  IM=  101"  46',  i9  A  1-i  =  113"  6' ;  i:li&^  9'844  ' 
1-23  :1.     0 h'i-i  =  \\T  iV  ;   (?A  1  =  108"  19'. 

Cleavage:    I,    and    1..  impei-fect.      Twins, 
419  417  com  position -face,  F,  sometiraea  producing  cme:- 

fiu-m  crvBtals.     Also  massive,  Bometimee  eou 
sitting  of  concentric  coate. 

II.  =  l-5-2-5.  G.=2'073,  of  crystal*  from 
Spain.  Lustre  rcsinoua.  Streak  snlphiir-yei- 
\o\v,  s{)Liietiinos  reddish  or  grceuisli.  Trans- 
parent— siibtranslucent.  Fi-actiire  cuncboidal, 
inui-e  or  less  perfect.     Sectile, 

Comp. — Pure  mlphar;  but  often  coDUuniuated  with  ob^  <"  bitmnBD. 

Pyr.,  eto.— Bums  at  a  lov  temperatuis  with  a  bluuh  name,  with  the  itrong  odur  of  aol- 
pbnroos  oxide.  Becomea  resinousl^  electrified  bf  Dictioc.  luaoluble  in  water,  and  not 
acted  ou  by  tho  acids. 

Obi. — Sulphur  is  dimorpbouH,  the  ciyetala  being  monoclinio  when  formed  at  a  modeiatalf 
hi^  temperature  (1^"  C.  according  to  Pnukenheim), 

The  ereat  rcpoaitoriea  of  nulphur  ore  either  beds  of  gfpsnm  and  the  SBBOciate  lOoke,  M  tb* 
regions  of  active  and  extinct  Toloanoes.  In  the  vailej  of  Noto  and  Maiarro,  in  Sidl;;  at 
Conil.  near  Cadiz,  in  Spain  ;  Bex,  in  Switierland  ;  Cmcow.  in  Poland,  it  ocean  in  the  formal 
aituation  ;  also  liologua,  Italy.  Sicily  and  tbe  neighboring  voloanio  IbIcs;  the  Solfatan,  new 
Naples ;  tbe  volcanoes  of  the  Paciflo  ooean,  etc,  are  localities  of  the  latter  kind.  Abiindaiit 
in  the  Chilian  Andes. 

Sulphur  ia  found  near  tbe  sulphni  springe  of  New  Tork,  Virginia,  etc,  spuingly ;  In  many 
ooal  depoeits  and  elsewhere,  where  pyrite  ia  ondet^ing  decomposition  ■  at  the  hot  spriugi 
and  geyseie  of  tbe  Yellowstone  park ;  in  Oalifomia,  at  the  geyaera  of  Napa  valley,  Sonoma 
Co. ;  in  Santa  Barbara  in  good  ctjstals  ;  near  Clear  lake,  Lake  Co.  ;  In  Nevada,  in  Humboldt 
Co. .  in  large  beds ;  ?<ye  und  lismeralda  Cos, .  etc. 

The  sulphur  minee  of  Sioily,  the  crater  of  Yulcano,  the  8<dtatara  near  Naples,  and  the  badi 
of  Calitomin,  afford  large  quantitiee  of  enjphur  '  


loonietric.     Often  tetrahedral  in  planes,  1,  2,  and  3-|.     Usually  with 


cim'ed  faceimB  in  f.  419  (3-j) ;  f.  420  ia  u  distorted  fonn.     CleaYM;e: 
octahedral,  hi^i^hly  perfect.     Twins;  twinniug-plane,  octaltedral;  f.  418,  i> 


iT  «ii:rcit  Twn   n:  i  r^l?    riif   "mi.ir'tf  T^orno:    »1^'\r*^'^"!    Mr-  o'lT^r^J^r  -W^ffc^  f>f 
Fiktmire  fauiatOiOa-      Izioci. -r  r^arTHt'iim  r**      T.xrr'iii^^  ^'i?-'^'»n>  ei^^tr^r-"" 


OKTIMIL  BnmflCnr  12  crrmaditBatint; 
Vac —       ivm^iiirn.   or  tr^-ittikiiiEftt.      Tm  r!rvnfci>  ivfim.  .-viniaUT.  Tmti«f»r.MT*"  Tr^w^r«!»?•W1li^^1Prr? 

muBrmn.  urm   tf   "ciniiireflnax.  mt  it  Trnn   rormtaxTx   n    i^f   Tnr*T»<i^.  .im>  v-hw  t.V  /?h»Tr>M>t 

JO.  Ti?weiT7   jOEf  oblioc  nrrr      I2m*«  «rf  «nk:  w  tm  triuit   frt-  rmr^.^q^  r*T?rf*'w*»s 

muBF  cr  nuxnaniliir^  nuuRflk.  zxmBHitxai:  TiKTt.r'  nf  nnrwciftntru  tiittriT>  .    f **%p^  ^   .  <'^         'W* .   oV^n 

fibT^ec  111  'jomf  iron.  Jl=azL 

mnxick      Jn  »  iio:  m=£4il  or  t^r^  juaOf  n:  alfir&Imi^ 

Obs — Ti>*  niaTiirmr  CT*r«i.  ocmr?  tl  n^^nns^  ihai  u^tvrc\  1.  iijTnm»*wv.  jr^Y»ijl»:  <jni:*»  tvv*. 
csfclttsL  rnvii.umtfrL  wiucL  jtflraui*  v  tbt-  laurtKv  tsorvw..  *»<;  whuM    ir.  thir  ^IfiV  t^  »»^ATr  hv. 

and  5!'.cTi  ^arrfi'TTT'-  vii*rrt  fc  jfv  dmnnnftp  h»'pj  b/vtr.  fwaiv.  7 J  "hi.-  sK*  b^»*^T.  <?<>t*s■<'^w,  ir.  m 
wpwsu*  ctf  canfricimfiTHKiL.  oaxnwmhL  ci.  rpaan^i^h  silw^Mis  Tv^hW^v  ^oj^n*.  o>>j|V,v»t^,<»T^x  ^t'.^  . 
eescexrct^  nr  a  irmc  of  JI^ZTiipzirmr  ciaT.  pjumnn/H  aw  n>Tjau;» .  >».  nwo-,  t»  j»t»NV.  ^m^i  "iNv^*^ 
tht-  «oL  Tti*  Tm.  dxaanrmd^  cvvmr  ii.  lihf  driTir*i2>  a'«%r^  i.h*  .\iTi"»lNi:.v  i  S  u\^%.  *  h^'N^  ^\NrVN^"; 
ioT  sTinL.  aiifC  iLi*ir  si  cizber  jiia«*  In  Itdi*  ti»c  dij,Tr»Aiir  ts  ttoJ  o  if>.  ni  ^"^HrJ-^i^'t.  NNA-r,r 
BTderauad  Liid  Maf^ciijacaux*.  viHTf-ii>*  fufir(D$  KAhinr^.-^  wn*  f.MiT*.'.       T^«  ),n"»jiVv>  ^^>  l^^n^ 

pfresem  run*      Ti»e  dianicma*  ciorrar  11.  ii»e  jr*^  ol  tis^  Vjia';  ;n>rv  frv^n;  ^\s^Hr'N^^   m.  1^5" 
iiai;  of  Tr.t  Trfci;«Tail  Il?-pT;bjr..  aovr.  :tP  wbo;f  vr^^^^J»^  to  its  ;;;no;»*N-.  t\  ;i>,  t ;  <-  ^^■,  j^nsv  van-.- 

To::" J  Pan  i*^  ib*  =iik  faiz  'Bs.     Trie  tii^b^T  o.f  »ii»m4V\1*  ^hioh  bjixv  K><'»*.  fov,w,l  %i  i)\<  \^A\^y 
i«  veTT  iai^.  and  «oint  of  tbta  are  of  a->r*sj.ifirahi*  wrA.     h  h**  Sc^r.  <^vt  .m.-^i.M  i^j^t  «:-j<^  v«iui> 
of  iiic»**  ■-■i»Laiii*-d  froTn  MiiX5':i.  lr*»7,  lo  Xovombi^r,  ISTTx.  o\,vh\Wi  ?ia;.>  «u.'»^.m>*  ,><  o^n'iU^* 
A"  a  coTL«^aeac«  of  Ti:s  prcvii:r:ioTi  ilie  markot  vaJw<»  M  ibr  ^•t^M*,*"'^  V..-**  iv.  i>  »v\o)\  »\o*u>i 
isbeoL 

In  tbe  United  Staua  a  few  nystala  have  bc^-T  met  with  i«  U«fh<^it\M\i  \\n  .  N  T  .  ^\\A  }^i\\^ 
Cj..  *ia^;  thej  occur  al^o  at  Ponia  mine,  Fnuaklin  Ot\.  N.  O  v*^*'^^^^'  .  *'^>^*'  t^:»i^<Wo»>\«»  xv*i<\ 
over  i  in.  in  diameter,  in  the  village  of  Mwiohestrr,  op^vv^uo  lU^^^nuNu^l.  \  ?*  \\\  C^\^^\^^^>s1k. 
at  Cherokee  rarine.  in  Butte  Co.  ;  also  in  X  S,'Mi  Junn,  Nowv^.a  i\^  .  a\\%\  \A^''\\\\^^\>''  \w  ihf 
gold  washings.     Reported  from  Idaho,  and  with  platinum  ol  \>«v>i\m\ 

Tbe  largest  diamond  of  which  we  ha\e  any  k«owlo\Vce  i.*  u\ont<on«M  \\>    rrt\^M«\<o^   »^»  \s\ 
possession  of  the  Great  Mc^iL     It  weighM  originnll^k-  IH>(>  oari^tn.  ov  ^iTf\\^  ;^  n»l^\^^*.  U\\i  \Vi\» 
rednood  by  cutting  to  8i»l  gndn^.     It  has  the  form  and  Mito  of  half  n  hr»\*»i  t^^      U  wn'*  T\^^^\^^\ 
in  1500,  in  the  mine  of  Colone.     The  Pitt  or  UojrtM\t  diamond  w<M|ih»  \\\\^  \i\\\  V>A  ort^^nt*.  o» 
419^  grains  ;  bnt  is  of  unbh'mi?*hotl  transjvirenoy  and  iMlor      It  ii  «mu  in  Ww  foiiu  of  n  \>\\\ 
liant,  and  itp  value  is  estimated  at  .iMi?r».(HX)      The  KohimvM*  mrn^nivd.  «m  H»  rtnlxrti  h\  Vmv 
land,  about  Is  inche-*  in  its  greatest  diainotor,  ovor  ft  of  m\  in«*h  in  <h<oK«oM,  «»\d  Wi'^uhtnl 
I8(vf  carats,  and  wxs  cut  with  many  fiu'^M^     It.  hon  sUw^^  l>oou  iimuI,  rtnd  «vdm»fMl  1o  rt  dw» 
mtiter  of  !-*>;  by  If  nearly,  and  thus  diminiHhtHl  ovor  ono  thinl  \\\  \\v\u)\i       U  <*  •n^»p«»^»«d  \\}f 
Mr.  Tennant  to  have  been  originally  n  diHltHvduMlron,  nud  ho  ii\)|igi*ii(ii  Mint  Ihi*  nirMt  Mu«i«<ttiii 
diamond  and  another  large  slab  weighing  VM)  oamts  wnii*  aolu-diy  (miI  fhtu\  ihi»  uv<u(urt)  d«tdi» 
cahedron.     Taveniier  give«  the  original  weight  at  7H74  oiivuU      'rhi»  \{n\n\\  nf  MntUn  hiM  tN 
hia  possesnion  a  diamond  from  Borneo,  weighing  IU\7  oarntn.     Thn  ntiui><«  of  tit  null  x\»\p  Mill 
known  to  afford  diamonds  till  tbe  ocmmonoonient  of  Urn  ittght^ritth  (>«tiitttrjri 
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ORAPHTTB.    Plambago. 

Hexagcmal.  In  flat  six-sided  tables.  The  basal  planes  {O^  are  often 
striated  parallel  to  the  alternate  edges.  Cleavage :  basal,  perfect  Coin- 
monly  in  imbedded,  foliated,  or  granular  masses.  Rarely  in  globular  con- 
cretions, radiated  in  structure. 

H.=l-2.  G.=2-09-2-229.  Lustre  metallic.  Streak  black  and  shining. 
Color  iron-black — dark  steel-gray.  Opaque.  Sectile ;  soils  paper.  Thin 
laminae  flexible.     Feel  greasy. 

Var. — (a)  Fob'ated ;  (b)  oolamnaT,  and  sometimes  radiated ;  (o)  scalj,  massive,  and  slofy ; 
{d)  granular  massive ;  {$)  earthy,  amorphous,  withoat  metallio  lustre  except  in  the  streak ; 
(/)  in  radiated  concretions. 

Comp. — Pure  carbon,  with  often  a  little  iron  sesquiozide  meohanioallj  mixed. 

Pyr.,  etc. — ^At  a  high  temperature  it  bums  without  flame  or  smoke,  leaving  usuaUj  some 
red  oxide  of  iron.  B.B.  infusible ;  fused  with  nitre  in  a  platinum  spoon,  deflagrates,  con* 
verting  the  reagent  into  potassium  carbonate,  which  effervesces  with  adds.  Unaltered  bj 
acids. 

DiC— See  molybdenite,  p.  233. 

Ob8« — Graphite  occurs  in  beds  and  imbedded  masses,  laminsB,  or  scales,  in  granite,  gneiss, 
mica  sdhists,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  by  heat  of 
the  coal  of  the  coal  formation.  Sometimes  met  with  in  greenstone.  It  is  a  common  furnace 
product. 

Occurs  at  Borrowdale  in  Cumberland  ;  in  Glenstrathfairar  in  Invemesshire  ;  at  Arendal  in 
Norway;  in  the  Urals,  Siberia,  Finland;  in  various  parts  of  Austria;  Prussia;  France. 
Large  quantities  are  brought  from  the  East  Indies. 

In  the  United  States,  the  mines  of  Sturbridge,  Mass..  of  Ticonderoga  and  FishkUl,  N.  Y,, 
of  Brandon,  Vt.,  and  of  Wake,  N.  C,  are  worked;  and  that  of  AiSiford,  Conn.,  formedj 
afforded  a  large  amount  of  graphite.     It  oocurs  sparingly  at  nuiny  other  localities. 

The  name  black' Uad^  applied  to  this  species,  is  inappropriate,  as  it  oontains  no  lead.  Tht 
name  graphite,  of  Werner,  is  derived  from  ypd^y  to  wrUe, 

Iforaenskidld  makes  the  graphite  of  Ibnbj  and  SUngaid  manaeUiUe. 


ri.  SULPHroES,  TELLURIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 

1.  BINARY  COMPOUNDS. — Sulphides  and  Tkllurides  of  thb  Mbtau 

OF  THB  SULPHUB  AND  AbSENIO  OBOUPS. 


RBAIiQAR.* 

Monoclmic.     6'=  66^  5',  /A  /=  74^  26',  Marignftc,  Scacchi,  O  A 14  = 
138°  21';  c'.bid  =  0-6755  :  06943 : 1.   Habit  pris- 
matic.     Cleava^  :  i-i,   O  rather  perfect ;  I,  i-i  in 
traces.     Also  granular,  coarse  or  iine  ;  compact. 

H.=l'5-2.  G.=3'4-3*6.  Lustre  resinous.  Color 
aurora-red  or  orange-j^ellow.  Streak  varying  from 
orange-red  to  aurora-ied.  Transparent — translu- 
cent   Fi-acture  conchoidal,  uneven. 

Ckunp.— A8S=Salphar  29.9,  aisenio  70*1=100. 

Pyr,,  etc. — In  the  doeed  tube  melts,  YolatiUzes,  and  gives  a 
transparent  red  sublimate  ;  in  the  oi)en  tube,  solphnrons  fames, 
and  a  white  crystalline  sublimate  of  arsenoos  oxide.    B.B.  on 

3liarooal  boms  with  a  blue  flame,  emitting  arsenical  and  solphnrons  odors.     Soluble  in  oaostii 
alkalies. 

Obs. — Occurs  with  ores  of  sQver  and  lead,  in  Upper  Hungary ;  in  Transylvania ;  at  Joachims- 
thai  ;  Sohneeberg ;  Andreasberg ;  in  the  Binnenthnl,  Switzerland,  in  dolomite ;  at  Wiealoofa 
fai  Baden ;  near  Julamerk  in  Koordistan ;  in  Vesuvian  lavas,  in  minute  crystals. 


ORPIMBNT* 


Orthorhorabic.  7  A  7  =  100°  40',  (^  A  1-i  =  126°  30',  Mohs.  i:l:d- 
1*3511  :  1*2059  :  1.  Cleavage  :  i-l  Iiiffhly  perfect,  i-l  in  traces,  i-l  longi- 
tudinally striated.  Also,  massive,  fofiated,  or  columnar;  sometimes  reni 
fomi. 

H.=l'5-2.  G.=3'48,  Haidinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavage  ;  elsewhere  resinous.  Color  several  shades  of  lemon-yellow. 
Streak  yellow,  commonly  a  little  paler  than  the  color.  Subtransparent — 
Bubtranslucent.  Sub-se^tile.  Thin  laminae  obtained  by  cleavage  flexible 
bnt  not  elastic. 


Comp.—AsuS,= Sulphur  89,  arsenic  61=100. 

Pyr.,  etc. — In  the  closed  tube,  fuses,  volatilizes,  and  gives  a  dark  yellow  sublimate ;  other 
reactions  the  same  as  under  realgar.     Dissolves  in  nitro-hydrochloric  acid  and  caustic  alkaUes. 

Obs. — Orpiment  in  smaU  crystals  is  imbedded  in  day  at  Tajowa,  in  Upper  Hungary.  It  is 
usually  in  foliated  and  fibrous  moAses,  and  in  this  form  is  found  at  Kapnik,  at  Moldawa,  and 
»t  Felsobanya  ;  at  HiJl  in  the  Tyrol  it  is  found  in  gypsum  ;  at  St.  Gothard  in  dolomite  ;  at 


MDIEBALOOT. 

Ihn  5olfat»Tane«  Naples.  Nasi  Jalunerk  in  EoordisMa.  Oaooisdaokt  AoobamMllo,PDra 
Small  traoes  »re  met  witb  in  Edenville.  Orange  Co.,  N.  T. 

The  nnme  arpimeot  is  a  oormptioa  of  its  Latin  nftme  anriplffmentnm,  '^ffolden  paint,' 
which  was  given  in  allusion  to  the  color,  and  also  becanse  the  sabetttnce  wu  aappoand  to  ooo- 
tain  gold. 

DmoHPHiTB  of  Scacahi  ma;  be,  aocordinK  to  Kenngott,  a  Tarietj'  of  o: 


irrUINITB.    AntiinoiiJte.  Ora?  Antimonj.  Antfmon;  Olaooa.  Antitnonglani,  0«n«. 


Orthorbombic.    IaIz 
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:  90"  54',  (3  A  1-t  =  134°  16',  Krenner;  i:i:d=: 
1-0259  ;  1-0158  :  1.       O  A  1  =  124'" 

88  45';   OAl-t  =  134°42f. 

Lfttera]  plaDes  deeply  Btriated 
longitiidinally.  Cleavage :  it  highly 
perfect.  Often  columnar,  coaree  or 
hne  ;  also  granular  to  impalpable. 

H.=2.  ^.=4-516,  Ilaiiy.  Lust« 
metallic.  Color  and  etreak  Icad- 
gmy,  inclining  to  ateel-giay  :  sub- 
ieot  to  blackish  tarnish,  Eoiiietimcfl 
iiidescent.  Fracture  Bmall  siib-coii- 
clioidal.  Seotile.  Thin  laminee  a 
little  flexible. 


Oomp— Sb,S>=Snlphar  28  2,  antimon;  71  8=100. 

Pyr.,  ato, — la  On  open  tube  snlphnrous  and  tntiinonous  fameB.  the  latter  ooadentliie  as  i 
wlut«  sabUnuite  which  B.B.  ia  non-volatile.  On  ctuuoo^  fnaes,  ■piesdn ont,  give*  tnlplinninE 
and  antimonons  furoeii,  coats  the  coal  white ;  thia  coating  treated  in  I^F.  tinges  the  flame 
greeni^-blue.     FaB.  =  l.     When  pare  perfectly  aolnble  in  hydioohloric  acid. 

Difi — DistinguiBhed  b;  its  perfect  deaTage ;  also  bj  ita  eitreuM  fudbilit;  and  other  blow- 
pipe characters. 

Ob>. — Occurs  with  spathic  iron  in  beds,  bnt  generally  in  reina.  Often  associated  with 
blende.  barit«,  and  quartz. 

Met  with  in  veins  at  Wolfsbc^,  in  the  Han  '  at  Bruunsdorf,  near  Freiberg;  at  Prdbram  ; 
it]  Hnngarr  ;  at  I'ereta,  in  Tnacany;  in  the  Urals;  in  Dnmtriesshire  ;  is  Cornwall.  Alwi 
fonnd  in  different  Mexican  mines.     Also  abundant  in  Borneo. 

In  tiie  United  Stutea,  it  occuib  nparingl;  at  Carmel,  Me.  ;  at  Cornish  and  Lyme,  S,  H,  ; 
at  ''  Soldier's  Delight,"  Md.  ;  in  the  Hnmboldt  mining  region  in  Nevada ;  also  in  the  mine* 
of  Aurora.  E^meriJda  Co. ,  I4evada.  Also  fonnd  in  New  Brunswick,  20  m.  from  Fredericton. 
S.  W.  side  of  St  John  R. 

This  ore  affords  much  of  the  antimony  of  commerce.  The  cmde  ontimon]'  of  the  shops  ifi 
obtained  by  simple  fusion,  which  Mparates  the  ucoompanying  rock.  From  this  product  most 
■if  the  pharmaceutical  preparations  of  antimony  ore  made,  and  the  pure  metal  extracted. 

LiviNOBToNrrs  (Ca?-ema).~-EeBembles  stibnite  in  ph;ucal  characteta,  bnt  bai  a  r«i 
■treok.  and  contains,  besides  sulphur  and  antimony,  14  p.  o.  mercnry.  Huitinca  Btat*  of 
Qiierrero,  Ueiioo.  Sec  p.  430. 


BISMUTRIHITB.    Bismuth  Olauoe.     Wiamnthglanz,  Otrm. 

Orthjrhombic.  /a /=  91°30',  Ilaidinger.  Cleavage:  brachydiagonal 
perfect;  mHcrodia^nal  loss  bo;  basal  })erfect  Id  acicular  crystale.  Also 
iiiaecive,  with  a  foliated  or  fibrous  structure. 

II.=2.  a=6-4-6459;  7-2;  7'16,  lioUvia,  Forbea.  Lustre  raetallio, 
Bti-cak  and  color  lead-gray,  inclining  to  tin-wbite,  with  a  ye'lowiah  or  iridu 
•■ffiit  tarnish.     Opaque. 
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Cknnpu — ^Bi9Ss=SalphTir  18*75,  bismuth  81 '25=100 ;  isomorphons  with  stibnite. 

Pyr.,  etc — In  the  open  tube  sulphurous  fumes,  and  a  white  sublimate  which  KB.  fuses 
isto  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  charcoal  at  first  gives  sul- 
phurous fumes,  then  fuses  with  spirting,  and  coats  the  coal  with  yellow  bismnth  oxide. 
Fob.  =1.  Dissolves  readily  in  hot  nitric  add,  and  a  white  precipitate  falls  on  diluting  with 
water. 

Obs. — Found  at  Brandy  Gill,  Carrook  Fells,  in  Cumberland  ;  near  Redruth ;  at  Botallack 
Bear  Land's  End ;  at  norland  Mine,  Gwennap ;  with  childrenite,  near  CalUngton  ;  in  Saxony; 
it  Riddarhyttan,  Sweden ;  near  Sorata,  RoUvia.  Occurs  in  Rowan  Co.,  N.  C,  at  the  Bani- 
haidt  vein ;  at  Haddam,  Ot. ;  Beaver  Co.,  Utah. 

GUANAJUATITE  ;  FretudiU,  Fernandez,  1873 ;  CastiUo,  1873  ;  FreruUl,  1874.— A  Wsmutli 
•elenide,  BigSei ;  sometimes  with  part  of  the  selenium  replaced  by  sulphur,  that  is,  Bis(Se,S)t, 
with  Se  :  S=3  :  2,  which  requires  Selenium  23*8,  sulphur  6*5,  bismuth  69'7=100.  tsomor- 
phous  with  stibnite  and  bismuthinite  (Schrauf),  Guanajuato,  Mexica  Silacmhtb  from 
Guanajuato  is  BisSe  (Fernandez).  See  p.  428. 


TBTRADTMim,    Tellurwiamuth,  Oerm. 

Hexa^nal.  OhR=z  118**  38',  i? A i?  =  81^  2' ;  6-  1-5865.  Orystak 
often  tabular.  Cleavage  :  basal,  very  perfect.  Also  massive,  foliated,  or 
granular. 

H.=l-5-2.  G.=7'2-7'9.  Lustre  metallic,  splendent  Color  pale  steel- 
gray.    Not  very  sectile.     Lamiuas  flexible.     Soils  paper. 

Oomp.,  Var. — Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur  and  selenium. 
If  sulphur,  when  present,  replaces  part  of  the  teUurium,  the  analyses  for  the  most  part  afford 
the  general  formula  Bi^CTe,  S)a.  Var.  1. — Free  from  sulphur.  Bi2Tej= Tellurium  48'1, 
bismuth  51-9;  G.  =7*868,  from  Dahlonega,  Jackson;  7*642,  id.,  Balch.  2.  Sulphurous. 
Containing  4  or  5  p.  c.  sulphur.    G.= 7*500,  crystals  from  Schubkau,  Wehrle. 

Pyr. — In  the  open  tube  a  whito  sublimate  of  tellurou8  oxide,  which  B.B.  fuses  to  colorless 
drops.  On  charcoal  fuses,  gives  white  fumes,  and  entirely  volatilises  ;  tinges  the  B.  K.  bluiah- 
gfreen ;  coats  the  coal  at  first  white  (tellurous  oxide),  and  finally  orange-yeUow  (bismuth 
oxide) ;  some  varieties  give  sulphurous  and  selenous  odors. 

Diffi — Distinguished  by  its  easy  fusibility  ;  tendency  to  foliation,  and  high  specific  grayity. 

Obs. — OccurM  at  Schubkau,  near  Schemnitz ;  at  Betzbanya  ;  Orawicza ;  at  Tellemark  in 
Norway ;  at  Bastnaes  mine,  near  Hiddarhyttan,  Sweden. 

In  the  United  States,  associated  with  g^ld  ores,  in  Virginia ;  in  North  Carolina,  Davidson 
Co. ,  etc.  Also  occurs  in  Georgia,  4  m.  B.  of  Dahlonega,  and  elsewhere  ;  Highland,  Montana 
T.  ;  Bed  Cloud  mine,  Colorado,  rare ;  Montgomery  o^e,  Arizona. 

JosBiTE. — ^A  bismuth  telluride,  in  which  half  the  teUurium  is  replaced  by  sulphur  and 
selenium ;  Brazil. 

Wehrlite.— Composition  probably  Bi(Te,  S).     G..r:8*44.    Deutsch  Pilsea,  Hungary. 


MOLTBDENITB.*  Molybdanglanz,  Oemu 

In  short  or  tabular  hexagonal  prisms.  Cleavage :  eminent,  parallel  to 
base  of  hexagonal  prisms.  Commonly  foliated,  massive,  or  in  scales:  also 
fine  granular. 

n.=l-l'5,  being  easily  impressed  by  the  nail.  G.=:4-44-4*8.  Lustre 
metallic  Color  pure  lead-gray.  Streak  similar  to  color,  slightly  inclined 
CO  green.  Opaque.  Lamiuas  very  flexible,  not  elastic.  Sectilei  and  almoil 
niaileable.     Bluish-gray  ti*ace  on  paper. 
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Oomi>.— Mo8s=Sii]phnr  41*0,  molybdenum  59*0=100. 

Pyr.,  etc.— In  the  open  tube  sulphurous  fumea  B.B.  in  the  foroepe  InfuaiLle,  Impazti  a 
jellowish-green  color  to  the  tlame  ;  on  charcoal  the  pulverized  mineral  givee  in  0.  F.  a  strong 
odor  of  sulphur,  and  coats  the  coal  with  crystals  of  molybdio  oxide,  which  appear  yellow 
while  hot,  and  white  on  cooling ;  near  the  assay  the  coating  is  copper-red,  and  if  the  white 
coating  be  touched  with  an  intermittent  R.F.,  it  assumes  a  beautiful  azure-blue  color. 
Decomposed  by  nitric  acid,  leaving  a  white  or  grayish  residue  (molybdic  oxide). 

Diffi — Distinguished  from  graphite  by  its  color  and  streak,  and  also  by  its  behavior  (yield- 
ing sulphur,  etc. )  before  the  blowpipe. 

Obs  — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  through,  granite,  gneiss, 
zircon-syenite,  granular  limestone,  and  other  ciystaJline  rocks.  Found  in  Sweden :  Norway ; 
Russia.  Also  in  Saxony  ;  in  Bohemia  ;  Rathausbeig  in  Austria ;  near  Miask,  Urals ;  Ghessy 
in  France ;  Peru  ;  BrazU ;  Calbeck  Fells,  and  elsewhere  in  Cumberland ;  several  of  the  Cornish 
mines ;  in  Scotland  at  East  Tulloch,  etc. 

In  Maine^  at  Blue  Hill  Bay  and  Camdage  farm.  In  Conn,^  at  Haddam.  In  Vermont^  at 
Newport  In  N.  Hampshire,  at  Westmoreland ;  at  TJandaff ;  at  Franconia.  In  Mau.,  at 
Shutesbury  ;  at  Brimfield.  In  N.  York,  near  Warwick.  In  Fenn.,  in  Chester,  on  Chestex 
Creek ;  near  Concord,  Cabarrus  Co.,  N.  C.  In  Caitfarnia^  at  Ezoelsior  gold  mine,  in  Ercel- 
dor  district.    In  Canada,  at  several  places. 


9.  BINAET   COMPOUNDS.— Sulphides,  Tellubidks,  btto.,  of  Mktals 

OF  THE  Gold,  Ibon,  and  Tin  Geoups. 

A.  BASIC  DIVISION. 

D7SORASITE.    Antimonial  Silver.    Antimon-SlUier,  Oerm, 

Orthorhombic.  /A  7  =  119°  59' ;  (9  A  l-i  130°  41' ;  c  :  *  :  df  =  1-1633 : 
1-7315  :  1 ;  0  a  1  =  126°  40' ;  0  A 1-1  =  146°  6'.  Cleavage :  basal  distinct : 
1-i  also  distinct;  /  imperfect.  Twins:  stellate  forms  and  hexagonal 
prisms.  Prismatic  planes  striated  vertically.  Also  massive,  granular ;  par- 
ticles of  various  sizes,  weakly  coherent. 

H.=3-5-4.  G.=9-44-9'82.  Lustre  metallic.  Color  and  streak  silver 
Mhite,  inclining  to  tin-white;  sometimes  tarnished  yellow  or  blackish. 
Opaque.     Fracture  uneven. 

Comp.--Ag4Sb= Antimony  22,  silTer  78=100.  Also  AgeSbsAntimony  15-06,  silver  84*84, 
and  other  proportions. 

Pyr.,  etc. — B.B.  on  oharoool  fuses  to  a  globule,  -ooating  the  ooal  with  white  antimonous 
oxide,  and  finaUy  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving  anti- 
monous  oxide. 

Obs. — Occurs  near  Wolfaoh  in  Baden,  WitUohen  in  Suabia,  and  at  Andreasberg  ;  also  at 
Allemont  in  Dauphin^,  Canlla  in  Spain,  and  in  Bolivia,  S.  A. 


XX>M£rrEITB.    Azaenikkupfer,  Germ. 

Reuiform  and  botryoidal ;  also  massive  and  disseminated. 

II.  =  8-3*5.     G.= 7-7*50,  Portage  Lake,  Genth.    Lustre  metallic  but  dull 
on  exposure.     Color  tin-white  to  steel-gray,  with  a  yellowish  to  pinchbeck 
brown,  and,  afterward,  an  iridescent  tarnish.     Fracture  uneven. 
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Oomp.-«OiisA8=Anenio  28*3,  copper  71*7=100. 

Pyr.,  etc. — In  the  open  tube  fuses  and  gives  a  white  oiTBtalline  sublimate  of  arsenoai 
oxide.  B.B.  on  charcoal  arsenical  fames  and  a  malleable  metallic  globule,  which,  on  treat* 
ment  with  soda,  gives  a  globule  of  pure  copper.  Not  dissolved  in  hydrochloric  acid,  but 
soluble  in  nitric  acid. 

Obs. — From  the  mines  of  ChilL  In  N.  America,  found  on  the  Sheldon  location,  Portage 
Lake ;  and  at  Michipicoten  Island,  in  L.  Superior. 

Alooix>xit£:.  — Composition,  Cu6As= Arsenic  16  '5,  copper  83*6.    ChiU ;  also  Lake  Superioi . 

WHiTNETiTB.—Cu»Afl= Arsenic  11*6,  copper  88*4=100.  HoaghUm,  Mioh.,  also  Galiforpia, 
Arisona. 


B.  PROTO  DIVISION. 
(a)  OaZenite  Orowp.    Isometric;   holohedraL 

ARGENTITX].    Silver  Glance.    Vitreous  SUver.     Silberglans,  Oerm, 

Ifionietric.  Cleavage :  dodecahedral  in  traces.  Also  reticulated,  ai'bores* 
cent,  and  filiform  ;  aGo  amoi*phou8. 

H. = 2-2-5.  G. = 7-196-7-365.  Lustre  metallic.  Streak  and  color  black- 
ish  lead-gray ;  streak  shining.     Opaque.     Fractnre  small  sub-conchoidal, 

"ineven.     Malleable. 

Comp.—Ag2S= Sulphur  12*9,  silver  871=100. 

Pyr.,  etc. — In  the  open  tube  gives  off  sulphurous  oxide.  B.B.  on  charcoal  fuses  with  into* 
mescence  in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  silver. 

DlfiL — DLstingnished  from  other  silver  ores  by  its  malleability. 

Obs. — Found  in  the  Ersgebiiige ;  in  Hung^ary ;  in  Norway,  near  Kongsberg ;  in  the  Altai ; 
in  the  Urals  at  the  Blagodat  mine ;  in  Cornwall ;  in  Bolivia ;  Peru ;  Ch&i ;  Mexico,  etc* 
Occurs  in  Nevada,  at  the  Comstock  lode,  and  elsewhere. 

OLDnAMiTE  from  the  Busti  meteorite  is  essentially  CaS. 

Naumaniyitb.— A  silver  selenide,  containing  also  some  lead.  Oolor  iron-black.  From 
the  BLarz. 

EucAmrrB. — ^A  silver-copper  selenide,  (Gu,  Ag)aSe.  Odlor  silver- white  to  gray.  Sweden; 
Chili. 

QROOKS&rrXL 

Massive,  compact ;  no  trace  of  crystallization. 

iT.=2-5-3.     (i.=6-90.    Lustre  metallic.     Color  lead-gray.     Brittle. 

Oomp.— (Cuo,Tl,Ag)  Se=Selenium  33-28,  copper  45-76.  thallium  17-25,  silver  3*71«10C. 

Pyr.,  etc. — B.B.  fuses  very  easily  to  a  greenish-black  shining  enamel,  coloring  the  flame 
strongly  green.     Insoluble  in  hydrochloric  acid  ;  completely  soluble  in  nitrio  add. 

Obs. — From  the  mine  of  Skiikerum  in  Norway.  Formerly  regarded  as  selenide  of  ooppet 
or  beraelianite. 

GAXJQNITB.    Galena.    Bleiglans,  Germ, 

Isometric  ;  liaV.it  cubic  (see  f.  38,  39,  etc.,  p.  16).  Cleavage,  cubic,  per- 
fect; octahedral  m  traces.  Twins:  twinning-plane,  the  octahedral  plane, 
f.  425  (f.  263,  p.  88);  the  same  kind  uf  composition  repeated,  f.  426^  and 
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flattened  parallel  to  1.     Also  reticulated,  tabular ;  coarse  or  fine  graiinlarj 
Konietiines  impalpable  ;  occasionallj  fibrous. 


II.=2'5-2-75.  G.=7'25-7-7.  Liietre  metallic.  Color  and  streak  pure 
ie:iJ-gray.  Surface  of  crystals  occasionally  tarnished.  Fracture  flat  siib- 
clionehoidal,  or  even.     Frangible. 

Comp.,  T«r.~PbS  =  Salpliiit  13'4,  lead 8C -6 =100.  Cootaiiu silrer,  and  occaaiontiUj  xelen- 
Inm.  tma,  c&dminin.  uitiiuoar,  copper,  aa  snlpliidea ;  besides,  tiao,  loinatimeB  native  silver 
nnd  gold  ;  aU  galttnite  is  more  or  leas  argentiferous.  Mid  uo  extenial  chniacteTS  serve  to  dis- 
tin^sh  the  relative  amoont  of  silver  present 

Pjr. — In  the  open  tnhe  gives  sulpharous  famee.  R,B.  on  charcoal  loses,  emits  snlphorunif 
[umes,  coats  the  oosl  yeUow,  and  fields  s  globule  of  metallic  lead.     Soluble  in  nitric  ncid. 

DlfL— Distingnislied  in  all  bat  tiie  ficel;  granular  varieties  hj  its  perfect  cubic  cleavage. 

Obi. — Oocors  in  beds  and  veins,  both  in  ciystalliiie  and  DncTyBtalline  rocks.  It  is  often 
vsoclated  with  pyrite.  marcsaitc.  blende.  chs]oop3^te.  arsenopjdtc.  etc  .  in  a  gnngiie  of 
quartc,  cklcite,  barite,  or  Quorite.  eto.  ;  also  with  oemssite,  nnglesite,  and  other  sglta  of  lend, 
vhioh  are  frequent  rasnlts  of  its  alteration.  It  is  also  common  with  gold,  and  in  veins  ol 
silver  ores.  Some  prominent  localities  are : — Freiberg-  in  Saionj,  the  Han,  Prabrara  and 
Joachimsthsl.  St^ria ;  and  also  Bleiberg.  and  the  neighboring  localitieB  of  Carinthia,  Sula  in 
Sweden.  Leadhills  and  the  kiUas  of  Cornwall,  in  veins ;  Derbyshiie.  Cumberland,  and  the 
northern  districts  of  England  ;  in  Xertechinsk,  East  Siberia;  inAlgerin;  near  Cape  of  Qood 
Hope;   inAnatralia;  Chili;  Bolivia,  etc. 

Extensive  deposits  of  this  ore  in  the  tTnited  States  exist  in  HisfOuri.  Elinois.  Iowa,  and 
Wiaoonsin.  Other  important  looaUties  ami— in  JfeiP  York,  Bossie.  St.  Lawrence  Co.  : 
Wnrbiboro,  Sullivan  Co. ;  nt  Anoram,  Columbia  Co  '  in  Ulster  Co.  In  Mmne.  at  Lub«c.  In 
Nmt  HanptkiTe,  at  Eaton  and  other  places.  In  Vermont,  at  Thetford.  In  Cottiitclie"t.  iit 
Middletown.  In  MatnachuittU,  at  Newborjport,  at  Sonthampton,  etc.  In  I'enniylrii'in.  al 
Ptaenizville  and  elsewhere.  In  Virginin,  at  Austin's  mines  in  Wythe  Co..  Walton's  gold  mine 
in  Louisa  Co..  etc.  In  Tmntaa,  at  Brown's  Creek,  and  at  Haysboro,  near  Nashville.  In 
ifiehigan.  in  the  region  of  Chocolate  river,  and  Lake  Superior  i^opper  districts,  on  the 
N.  shore  of  L.  Superior,  iji  Ifaebing  on  Thunder  Bay,  and  around  Black  Bay.  In  Cnli- 
fomia.  at  many  of  the  gfold  cnlnet.  In  Nevada,  abandant  on  Walker's  river,  and  at  Steam- 
boat Springs,  Qalena  district.  In  Ariio/ta,  in  the  CosUe  Dome,  Eureka,  and  other  diitricta. 
In  Colorado,  at  Pike's  Peak,  oto. 

OLAUSTRAUTB.    SelenUel,  Gtrm. 

iBOmetric.  Occurs  commonly  in  fine  granular  masses;  some  specimens 
foliated.     Cleavage  cubic. 

H.=2*5-3.  G.=7'6-8'8.  Lustre  metallic  Color  lead-gray,  somewhat 
hUiiEh.     Streak  darker.     Opaque.     Fracture  granular  and  shining. 

Oomp.,  Tar.— FbSe:=  Selenium  37-6,  kad  7S'4=100.  Botidea  tiie  pnre  seleiude  of  lead 
tfaete  are  othen,  often  (irruigad  as  distinct  speoiaa,  whi^h  contain  oobalt,  copper,  ot  meronry 
In  place  of  part  of  the  lead,  and  someUmea  a  little  Mlver  or  iron. 
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Pyr. — Deorepitfttet  in  the  closed  tabe.  In  the  open  tabe  gives  eelenoas  fumea  aud  a  red 
niblimate.  B.  B.  on  charcoal  a  strong  selenons  odor ;  partiallj  f nses.  Coata  the  coal  neax 
the  assay  at  first  graj^  with  a  reddish  border  (selenium),  and  later  yellow  (lead  oxide) ;  when 
pore  entirely  volatile ;  with  soda  gives  a  globule  of  metallic  lead. 

Obs. — Much  resembles  a  granular  galenite;  bat  the  faint  tinge  of  blue  and  the  B.B 
selenium  fumes  serve  to  distinguish  it. 

Found  at  Clausthal,  Tilkerode,  Zorge,  Lehrbach,  eta,  in  the  Hars ;  at  Beiusberg  in  Bax- 
ony ;  at  the  Rio  Tinto  mines,  Spain  ;  Cachenta  mine,  Mendoia,  S.  A. 

ZoBOiTE  and  LBHBBACinTE  occur  with  dausthalite  in  the  Han.  Zorgite  is  a  lead-ooppex 
selenide.     Lehrbachite  is  a  lead-mercuxy  selenide. 

BERZBLiANiTB.—Gu9Se= Selenium  88*4,  copper  61*6=100.  Color  silver-white.  From 
Sweden,  also  the  Harz. 

Altait e.  —Composition  PbTe = Tellurium  88  '3,  lead  61  '17.  Isometric.  Color  tin- white. 
From  Savodinski  in  the  Altai ;  Stamslaus  mine,  Cal. ;  Red  Clond  mine,  Colorado ;  Province 
of  Coquimbo,  Chili 

TiEMANNiTE  (Selenquccksilber,  Oerm,), — A  mercury  selenide,  probably  HgSe.  MaanTe. 
Found  in  the  Harz ;  also  California. 


BORNXTE.    Erubescite.    Purple  Copper  Ore.     Buntkupfererz,  Oerm. 

Isometric.  Cleavage :  octahedral  in  traces.  Massive,  structure  granular 
or  compact. 

H.=3.  G.=4-4r-5'5.  Lustre  metallic.  Color  between  copper-red  and 
piuclibeck-brown ;  speedily  tarnishes.  Streak  pale  grayish- black,  slightly 
shining.     Fracture  small  conchoidal,  uneven.     Brittle. 

Oomp. — For  crystallized  varieties  FeCusSs,  or  sulphur  28  06,  iron  16*36,  copper  55*58=100. 
Other  varieties  are :  Fe^CusS^,  FeCusSa,  and  so  on.  The  ratio  of  B  (Cu  or  Fe)  to  S  has  the 
values  5  :  4,  4  :  3,  8  :  2,  7  :  8  f  Bammelsberg).  Analysis,  Collier,  from  Bristol,  Ct.  Sulphur 
25-83,  copper  61*79,  iron  11*77,  silver  tr.  =99-39  (B  :  S=8  :  2). 

Pyr.,  etc. — In  the  dosed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube  yields 
sulphurous  oxide,  but  gives  no  sublimate.  B.B.  on  charcoal  fuses  in  B.F.  to  a  brittle  mag- 
netic globule.  The  roasted  mineral  g^ves  with  the  fluxes  the  reactions  of  iron  and  copper, 
and  with  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

DifiL — Distinguished  by  its  copper-red  color  on  the  fresh  fracture. 

Obs. — Found  in  the  mines  of  Cornwall ;  at  Boss  Island  in  Killamey,  Ireland  ;  at  Mount 
Catini,  Tuscany;  in  the  Mansfeld  district,  Germany*  and  in  Norway,  Siberia,  Silesia,  and 
Hung^ar>'.  It  is  the  principal  copper  ore  at  some  Chilian  mines ;  also  common  in  Pern,  Boli- 
via, and  Mexico.  At  Bristol,  Conn.,  it  has  been  found  abundantly  in  good  crystals.  Found 
massive  at  Mahoopeny,  Penn.,  and  in  other  parts  of  the  same  State ;  also  at  Chesterfield, 
Mass. ;  also  in  New  Jersey.    A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Alabanditb  (Manganglanz,  Oerm.), — MnS=Sulphur  86*7,  manganese 68.3=100.  Isomet- 
ric.   Cleavage  cubic.     Color  black.    Streak  green.     From  Transylvania,  etc. 

GbOkauite. — ^A  sulphide  containing  nickel,  bismnth,  iron,  cobalt,  copper.  From 
Ckiinau. 


(b)   Blende  Qrcmp.    Isometric ;  tetiahedral. 

SPHAIiBRrm  or  ZINC  BLENDB.    BUiok-Jack,  Engl,  Miners. 

Isometric :  tetrahedral.  Cleavage :  dodecahedral,  hifflily  perfect.  Twins : 
twiiming-plane  1,  as  in  f.  429.  Also  botryoidal,  and  other  imitative  shapes ; 
sometimes  fibrous  and  radiated  ;  also  massive,  coinpact. 

H.=:  3-5-4.  G.=3-9-4*2.  4-063,  white,  New  Jersey.  Lnstre  resinous 
to  adamanite.     Color  brown,  yellow,  black,  red,  green ;  white  or  yellow 
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when  pure.      Streak  white — reddish-brown.      Transparent— transit  cent 
Fracture  conchoidal.    Brittle. 


437 
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Oomp.,  Var. — ZnS=SalphTir  33,  zino  67=100.  Bat  often  having  part  of  the  zinc  replaced 
by  iron,  and  sometimes  by  cadmium  *  also  containing  in  minute  quantities,  thallium,  indium, 
and  g^lium.  Var.  1.  Ordinary.  Containing  little  or  no  iron  ;  colors  white  to  yellowish- 
brown,  sometimes  black ;  G.=8  9-4'l.  2.  FtrrifeTcim  ;  MarmatUe,  Containing  10  p.  c.  oi 
more  of  iron;  dark-brown  to  black  :  Q. =8*9-4*2.  The  proportion  of  iron  sulphide  to  zinc 
sulphide  varies  from  1  :  5  to  1  :  2.  3.  Cadmiferoua;  Praibramite.  The  amount  of  cadmium 
present  in  any  blende  thus  far  analyzed  is  less  than  5  per  cent.  Each  of  the  above  varieties 
may  occur  (a)  in  crystals ;  (b)  firm,  fibrous,  or  columnar,  at  times  radiated  or  plumose  ;  (c) 
oieavable,  massive,  or  foliated ;  {(t)  granular,  or  compact  massive. 

Pyr.,  etc. — In  the  open  tube  sulphurous  fumes,  and  generally  changes  color.  B.B.  on 
charoofJ,  in  R.  F. ,  some  varieties  give  at  first  a  reddish-brown  coating  of  cadmium  oxide,  and 
later  a  coating  of  zinc  oxide,  which  is  yellow  while  hot  and  white  after  cooling.  With  cobalt 
solution  the  zinc  coating  gives  a  green  color  when  heated  in  O.F.  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  charcoal  in  B.F.  a  strong  green 
sine  flame.    Difficultly  fusible. 

Dissolves  in  hydrochloric  add,  during  which  sulphuretted  hydrogen  is  disengaged.  Some 
•pecimens  phosphoresce  when  struck  with  a  steel  or  by  friction. 

DifL — Generally  to  be  distinguished  by  its  perfect  cleavage,  giving  angles  of  60^  and  120° ; 
by  its  resinous  lustre,  and  also  by  its  infusibUity. 

Obi. — Occuis  in  both  crystadiine  and  sedimentary  rocks,  and  is  usually  associated  with 
g^enite  ;  also  with  barite,  chalcopyrite,  fluorite,  siderite,  and  frequently  in  silver  mines. 

Derbyshire,  Cumberland,  and  Cornwall,  afford  different  varieties ;  also  Transylvania;  Hun- 
gary ;  the  Harz;  Sahla  in  Sweden:  Ratieborzitz  in  Bohemia;  many  Saxon  localities. 
Splendid  crystals  in  dolomite  are  found  in  the  BinnenthaL 

Abounds  with  the  lead  ore  of  Missouri,  W^isconsin,  Iowa,  and  Illinois.  In  JV.  York^  Sulli- 
van Co.,  near  Wurtzboro' ;  in  St.  Lawrence  Co.,  at  Cooper^s  falls,  at  Mineral  Point;  at  the 
Ancram  lead  mine  in  Columbia  Co.  ;  in  limestone  at  Lockport  and  other  places.  In  MrtM., 
at  Sterling  •  at  the  Southampton  lead  mines ;  at  Hatfield.  In  Ji,  Hamp,,  at  the  Eaton  lead 
mine ;  at  Warren,  a  large  vein  of  black  bleude.  In  MninSt  at  the  Lubec  lead  mines,  etc 
In  Ccnn. ,  at  Boxbury,  and  at  Lane^s  mine,  Monroe.  In  N.  Jersey^  a  while  variety  at  Frank- 
lin. In  Penn.^  at  the  Wheatley  and  Perkiomen  lead  mines  ;  near  Friedensville,  Lehigh  Co. 
In  Virginia^  at  Austin's  lead  mines,  Wythe  Co.  In  Michigan^  at  Prince  vein,  Lake  Superior. 
In  Illinois^  near  Bosiclare ;  near  Galena,  in  stalactites,  covered  with  pyrite,  and  galenite 
In  Wincitrmn^  at  Mineral  Point.     In  I'ennesJ^se,  at  Haysboro*,  near  Nashville. 

Named  blende  because,  while  often  resembliug  galena,  it  yielded  no  lead,  the  word  in  Gw 
nan  meaning  blind  or  deceiving,    SphedmU  is  from  <rtt>a\tp6t,  treaeheraus. 


(c)  Ohdlcocite  Group,     Orthorhombic 

HBSSITB.*  Tellunilber,  Qeirm, 

Orthorhombic,  and  resembling  chalcocite.     Cleavage  indistinct, 
live ;  compact  or  fine  grained  ;  rarely  coarse-granular. 


Ha» 
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H.=8-3-5.  G.=8-3-S-6.  Lnstre  metallic.  Color  between  lead-gray 
and  Bteel-gmy,     Sectile.    Fraetnre  even. 

Oomp— Ag,Te=TeUiuiiun  373,  atlvea  SS-S=10a  Silvei  BometimeB  teplaoed  in  put  bj 
gold. 

Pyr.— !□  iJie  open  tube  a  faint  white  sublimate  of  tellucoiia  oxide,  which  B.B.  fcEU  to 
ooloriese  globulea.  On  charooal  taaeB  to  n  black  globule ;  thia  treated  in  K.F.  present*  or 
ojoling  white  dendritic  poinui  of  silver  on  ita  surface  ;  with  soda  gives  a  gljbule  of  silver. 

Oba. — Ofcurs  in  the  Altai,  in  Siberia,  in  a  talcose  rock  ;  at  Nngyog  in  I'ransylvonia,  and  al 
EtetEban7a  in  Hungaiy ;  Stanislaus  mine,  Calaveras  Co.,  CaL;  Bed  Cloud  mine,  Colorado; 
Province  of  Coquimbo.  Chili. 

Prtzitb. — Differs  from  hessite  in  that  gold  replaces  muob  of  the  idlver.  H.  =  2'S.  Q.= 
8  73-8  '83,  Peti ;  9~P  '4,  Kilstel.  Color  between  steel-graj  and  iron-black,  sometime*  with 
pavonine  tarnish.  Streak  IroD-black.  Brittle.  Anafjaia  b;  Qenth,  from  Ooiden  Bole  mine, 
lellurium  ;13'68.  silver  41-8';.  gold  2S'nO  =  10014.  Occurs  at  Na^ag,  Stanislaus  mine, 
Calitomia,  and  several  loralilirs  in  Colorado. 

TiPALPiTE  (Tellurwismuthsilber).— Composition  (Raram.),  Ag,Bi,TeiS<Ag;,S  +  aSiTe). 
Qranular.    Color  gra;.     Sierra  dc  Tapalpa.  Mexico. 


AOAHTHTTB. 

Oitliorhombic  IaI  =  110°  54' ;  Oa  1-i  =  124°  42',  Dauber ;  c:l:d 
=  1-4442  :  1-4523  :  1.  OaM  =  135"  10' ;  (?Al  =  119°  42'.  Twina: 
pai-allel  to  1-t.  Crystals  usually  slendcr-poiuted  prisma.  Cleavage  iiidis- 
tiiict. 

IL=2-5  or  under.  G.=7-16-7-33.  Lustre  metallic.  Color  iron-bUck 
or  like  argentite.     Fracture  uueven,  giving  a  shining  surface.     Sectile. 

Oomp.— Ag^S,  or  like  acgentit«.     Sulphur  12^,  silver  87-1=100. 

Fyr. — Same  as  for  argeutite,  p.  239. 

Obs.— Found  at  Joachimathal ;  also  near  Freiberg  in  80x007. 


OHAI>C0OITB.    Cbaloodne.     Tltreoos  Copper;     Copper  Olonce.     Eupferglani,  Gertie 

Orthorhombic.  /A  /=  119°  35',  0  A 14  =  120°  &r;r.:h:d  =  1-6676  : 
1-7176:1;  Oa1  =  11T*24';  (?a  l-i  =  135°  62'.  Cleavage ;  .^  indistinct 
Twins :  twinning-plane,  I,  producing  hexagonal,  or  stellate  forma  (left  half 


Biiitol,  Cb  Brlatol,  OL  Briatol,  Ot 

of  f.  432) ;  also  j-I,  a  cruciform  twin  (f.  432),  crossing  at  angles  of  111" 
and  69° ;  f.  433,  a  crnciform  twin,  having  0  and  /  of  one  crystal  parallel 
[■espectively  to  i-i  and  0  of  the  other.  Also  maesive,  strncturo  granular, 
uv  compact  and  impalpable 
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ILr=2'6-3.  Q.— 5-6-5 '8.  Lustre  metallic.  Color  and  streak  blackish 
lead-gray ;  often  tarnished  blue  or  green  ;  streak  sometimes  shining.  Frac- 
ture couchoidal. 

Oomp.—0uaS= Sulphur  20  2,  copper  79-8=100. 

Pyr,,  etc. — Yields  nothing  volatile  in  the  closed  tube.  In  the  open  tube  gives  off  sulphur- 
ous fumes.  B.B.  on  charcoal  melts  to  a  globule,  which  boils  with  spirting;  with  soda  ii 
reduced  to  metallic  copper.     Soluble  in  nitric  acid. 

Obs. — Cornwall  a£Eords  splendid  crystals.  The  compact  and  massive  varieties  occur  is 
Siberia,  Hefise,  Saxony,  the  Bunat,  etc. ;  Mt  Catini  mines  in  Tuscany ;  Mexico,  Peru. 
Bolivia,  Chili. 

In  the  United  States,  it  has  been  found  at  Bristol,  Conn.,  in  large  and  brilliant  crystals. 
In  Virg^a,  in  the  United  States  copper  mine  district,  Orange  Co.  Between  Newmarket  and 
Taneytown,  Maryland.  In  Arizona,  near  La  Paz ;  in  N.  W.  Scmora.  In  Nevada,  in  Washoe, 
Humboldt.  Churchill,  and  Nye  Cos. 

Harrisite  of  Shepard,  from  Canton  mine,  Qeorgia,  is  ohalcociie  with  the  cleavage  of 
galenite  (pseudomorphous,  Genth). 

STROMBYBRITB,    Silbeikapferglana,  Germ, 

Orthorhombic :  isomorphous  with  chalcocite.  /a/=119®  35'.  Also 
massive,  compact. 

H.= 2-5-3.  G.=6-2-6*3.  Lustre  metallic.  Color  dark  steel-gray. 
Streak  shining.     Fracture  subconchoidal. 

Oomp.— AgCuS=AgaS+Ou,S=Sulphur  15-7,  sQver  53-1,  copper  81'2-=100. 

Pyr.,  etc. — Fuses,  but  g^ves  no  sublimate  in  the  closed  tube.  In  the  open  tube  sulphurous 
fumes.  B.B.  on  charcoal  in  O.F.  fuses  to  a  semi-malleable  globule,  which,  treated  with  the 
fluxes,  reacts  strongly  for  copper,  and  cupelled  with  lettd  gives  a  silver  globule.  Soluble  in 
nitric  acid. 

Obs, — Found  at  Scblangenberg,  in  Siberia  ;  at  Rudelstadt,  Silesia ;  also  in  Chili ;  at  Com- 
bavalla  in  Peru  ;  at  Heintzelman  mine  in  Arizona. 

Stsbnbergite.'*^  An  iron-silver  sulphide,  AgFcaSs .  Johanngeorgenstadt  and  JoachimsthaL 
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{d)  Pyrrhotite  Group.    Hexagonal. 

CINNABAR.    Zinnober,  Oerm, 

Rhombohedral.    if  A  i?  =  92°  36',  RnO^  127°  6' ;  c  =  1-1448.     Acr 

cording  to  DesCioizeaux,  tetartohedral,  like  quartz. 
Also  granular,  massive ;  sometimes  forming  Euper- 
ficial  coatings. 

Cleavage:  /,   very  perfect      Twins:    twinning- 
plane  O. 

H= 2-2*5.     G= 8*998,  a  cleavable   variety  from 
Neumarktel.    Lustre  adamantine,  inclininjr  to  nietal- 
lie    when    dark-colored,    and    to    dull    in    fjiable 
.  I  I  f      varieties.     Color  cochineal-red,   often   inclining  to 

V  / — ,A         I  /      brownish-red   and   lead-gray.     Streak  scarlet,  sub* 

^^^      "  y        transparent,  opaque.     Iracture  subconchr>idal.  un- 

even.    Sectile.     jPolarizaticai  circular. 


Oomp.— HgS  (or  HgsSs)=8iilphar  Id's,  meronxy  86*8=100.  Sometimas  impon  from  0U17. 
inm  sesqoioxide,  bitumen. 
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Pyr.— In  the  closed  tube  a  black  sublimate.  Oarefullj  heated  in  the  open  tube  gives  ruI 
phurous  fumes  and  metallic  mercurj,  condensiDg  in  minute  globules  on  the  cold  walls  of  the 
tulx;.     B.B.  on  charcoal  wholly  volatile  if  pure. 

Obs. — Cinnabar  occurs  in  beds  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  The  most  important  European  beds  of  thif 
ore  are  at  Almaden  in  Spain,  and  at  Idria  in  Camiola.  It  occurs  at  Reichenau  and  Windisch 
Kappel  in  Carinthia;  in  Transylvania;  at  Ripa  in  Tuscany;  at  Schemnitz  in  Hungary;  in 
the  Urals  and  Altai ;  in  China'abundantly,  and  in  Japan  ;  Sim  Onofre  and  elsewhere  in  Mexico ; 
in  Southern  Peni ;  fonning  extensive  mines  in  California,  in  the  coast  ranges  the  principal 
mines  are  at  New  Almaden  and  the  vicinity «  in  Santa  Clara  Co.  Also  in  Idaho,  in  limestone, 
abundant. 

This  ore  is  the  source  of  the  mercury  of  commerce,  from  which  it  is  obtained  by  sublima 
tion.     When  pure  it  is  identical  with  the  manufactured  vermilion  of  commerce. 

Metacinnabarite  (Afoore). — ^A  black  mercury  sulphide  (HgS).  Rarely  crystailiz^.d 
H.  — 3.     6.— 7-75.     Lustre  metallic.     Redington  mine,  Lake  Co.,  Cal. 

GuADALCAZARiTE. — Essentially  HgS,  with  part  (jS^)  of  the  sulphur  replaced  by  selenium, 
and  part  of  the  mercury  replaced  by  zinc  (Hg :  Zn=6 : 1,  Petersen ;  — 12  : 1,  Ramm.).  Massive. 
Color  deep  black.  Quadalcazar,  Mexico.  LBYiOLiANfTB  is  a  ferruginous  variety  from 
LevigUani,  Italy. 


MTTiTiBRITB.*  Capillary  pyrites.    Haarkies ;  Nickelkies,  Oerm. 

Rhorabohedral.  IiAli=  144^  8',  Miller,  c  =  0-32955.   (9  A  5  =  159°  10'. 

Cleavage :  rhombohedral,  perfect.  Usual  in  capillary  crystals.  Also  in 
columuar  tufted  coatings,  partly  semi-globular  and  radiated. 

H.=3-3*5.  G.=4-6-5-65.  Lustre  metallic.  Color  brass-yellow,  inclin- 
ing to  bronze-yellow,  with  often  a  gray  iridescent  tarnish.  Streak  bright 
Brittle. 

Oomp.—NiS= Sulphur  35  6,  nickel  64  •4=100. 

Pyr.,  etc — In  the  open  tube  sulphurous  fumes.  B.  B.  on  charcoal  fuses  to  a  globule.  When 
roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.F.,  becoming  gray  in  R.F. 
from  reduced  metallic  nickeL  On  charcoal  in  R.F.  the  roasted  mineral  gives  a  coherent 
metallic  mass,  attractable  by  the  magnet.     Soluble  in  nitric  acid. 

Obfl. — Found  at  Joachimsthal ;  Przibram ;  Riechelsdorf ,  Andreasbeig ;  several  localities 
in  Saxony ;  Cornwall. 

Occurs  at  the  Sterling  mine,  Antwerp,  N.  Y.  ;  in  Lancaster  Co.,  Pa.,  at  the  Gap  mine; 
with  dolomite,  and  penetrating  calcite  crystals,  in  cavities  in  limestone,  at  St.  Louis,  Mo. 

Betrichitb  {Liebe).-'FoTmu\a  Ni&S,  =  Sulphur  43 *C,  nickel  56*4=100.  Color  lead-gxay. 
Occurs  in  radiated  groups  with  millerite  in  the  Westerwald. 


PYRRHOrmi.    Magnetic  Pyrites.     Magnetkies,   Oerm, 

Hexagonal.     Oa1  =  135°   8';    c  =  0-862.     Twins:   twinning-plane    1 
(f .  435).  Cleavage :  Oj  perfect ;  /,  less  so.  Commonly  ^^ 

massive  and  amorphous;  strncture  grannlar. 

H.=:3-5-4-5.  G.=4'^^-4•68.  Lustre  metallic. 
Color  between  bronze-yellow  and  copper-red,  and 
subject  to  speedy  tarnish.  Streak  dark  grayish- 
black.  Brittle.  Magnetic,  being  atti-actable  in 
tine  powder  by  a  magnet,  even  when  not  affecting 
an  ordinary  needle. 

Oomp.— (1)  Mostly  Pe,S,=Sulphur  80-5,  iron  60-o=100:  but  varying  to  Fe.S»,Fe»S„  and 
Fe,  oSn.     Some  varieties  contain  3-6  p.  c.  nickeL     Harbaehtte  contains  (Wagner)  12  p.  a  Ni. 
P3rr-)  etc — Unchanged  in  the  dosed  tube.    In  the  (q>en  tube  gives  snlphttrous  ozid«.    Of 
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charcoal  in  R.F.  fuses  to  a  block  magnetic  mass ;  in  O.F.  is  oonverted  into  iron  sesqiddzidfe, 
which  with  flaxes  gives  only  an  iron  reaction  when  pnre,  bnt  many  varieties  yield  small 
amounts  of  nickel  and  cobalt.  Decomposed  by  muriatic  acid,  with  evolution  of  sulphuretted 
hydrogen. 

Difi:. — Distinguished  by  its  magnetic  character,  and  by  its  bronze  color  on  the  f lesh  fracture. 

Obs. — Occurs  in  Norway ;  in  Sweden ;  at  Andreasbeig ;  Bodenmais  in  Bavaria ,  N.  Tag^lsk ; 
in  Spain ;  the  lavas  of  Vesuvius ;  Cornwall. 

In  N.  America,  in  Vermont,  at  Stafford,  Corinth,  and  Shrewsbury ;  in  many  parts  of 
Mashachusetts ;  in  Connecticut,  in  Trumbull,  in  Monroe ;  in  N.  York,  near  Natural  Bridge 
in  Diana,  Lewis  Co. :  at  0*Neil  mine  and  elsewhere  in  Orange  Co.  In  N.  Jersey,  Morris  Co., 
at  Huxdstown.  In  rennsylvania,  at  the  Qap  mine,  Lancaster  Co.,  niccoliferous.  In  Tennes- 
see, at  Dnoktown  xiiines.     In  Canada,  at  St  Jerome ;  Elizabethtown,  Ontario  (f.  435),  etc. 

The  niccoliferous  pyrrhotite  is  the  ore  that  affords  the  most  of  the  nickel  of  commerce. 

Troilitb. — ^According  to  the  latest  InveetigationB  of  J.  Lawrence  Smith,  composition 
FeS,  iron  proto-sulphide  ;  that  is,  iron  68*6,  Bu^hor  86*4=100.  Occurs  only  in  iron  meteor- 
ites. Daubreelitb  (Smith).  — Compodtioii  CrtSt.  Observed  in  the  meteoric  iron  of  Northezn 
Mexico ;  occurring  on  the  borders  of  troilite  nodules.  Similar  to  shepardite^  Haidingei 
{z=sehreibersitey  Shepard),  described  by  Shepaid  (1846)  as  oocuxring  in  the  Bishopville,  S.  C, 
meteoric  iron. 

SCHREIBERSTTE  also  solely  a  meteoric  mineral.     Contains  iron,  nickel,  and  phosphorus. 

WURTZITB  (Spiauterite). — ZnS,  like  sphalerite,  bnt  hexagonal  in  oiystallization.     Bolivia. 


ORBENOOKm!. 

Hexagonal:  hemimorphic.  0  A 1  =  136**  24' ;  c  =  0-8247.  Cleavage : 
/,  distinct ;  O,  imperfect. 

H.=3-3'5.  G.=4'8-4'999.  Lustre  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veined  parallel  with  the  axis ;  broiizt*- 
ycllow.  Streak-powder  between  oi*ange-yellow  and  brick  red.  Neaily 
transparent.     Strong  double  refraction.    Not  tfiermoelectric,  Breithaiipt. 

Oomp.— CdS  (or  Cd,S,)= Sulphur  22-2,  cadium  77*8. 

P3nr.,  etc.— In  the  dosed  tube  assumes  a  carmine-red  color  while  hot,  fading  to  the  original 
yellow  on  cooling.  In  the  open  tube  gives  sulphurous  oxide.  B.  B.  on  charcoal,  either  aJone 
or  with  soda,  gives  in  R.F.  a  reddish-brovm  ooating.  Soluble  in  hydrochloric  acid,  evolving 
sulphuretted  hydrogen. 

Obs. — Occurs  at  Bishoptown,  in  Renfrewshire,  Scotland ;  also  at  Przibram  in  Bohemia  -, 
on  sphalerite  at  the  Ueberoth  idnc  mine,  near  Friedensville.  Lehigh  Co.,  Pa. ,  and  at  Granby, 
ICo. 


NIOOOZJTE.    Oqpper  Nickel    Knpfemickel,  Rothnickelkies,  Oerm. 

Hexagonal.  Oa1  =  13°6  35';  c  :  0-81944.  Usually  massive,  structure 
nearly  impalpable ;  also  reiiiform  with  a  columnar  structure ;  also  reticu- 
lated and  arborescent. 

H.=5-5*5.  G.=7'33-7-671.  Lustre  metallic.  Color  pale  copper-red, 
with  a  gray  to  blackish  taniish.  Streak  pale  brownish-black.  Opaque. 
Fracture  uneven.     Brittle. 

Oomp.—NiAs  (or  NisAsa)= Arsenic  56 '4,  nickel  43*6=100;  sometimes  part  of  the  arsenic 
raplaoed  by  antimony. 

jPyr.,  eta— In  the  closed  tube  a  faint  white  crystalline  sublimate  of  arsenons  oxide.  In  the 
open  tube  arsenons  oxide,  with  a  trace  of  sulphurous  oxide,  the  assay  becoming  yellowish- 
green  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule,  which,  treated  with  borax 
glass,  <ifiFord8,  by  suooessiye  oxidation,  reactions  for  iron,  cobalt,  and  nickel.  Soluble  in 
nitro-hydrochlorio  add. 

Diff — Distinguish^  by  its  oolor  from  other  similar  sulphides,  as  also  by  its  pyrognostics. 
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Obs.— -OccniB  at  BBvsral  Suxcm  mines,  alio  in  ThnriDgia,  Hewe,  and  Styila,  and  ftt  All*- 
monliD  D:iuphiii7i  occa^iislly  >Q  Cornwall;  Chili;  abauduil  at  Minu  de  U  Bioja,  in  till 
Argentine  ProvinceE.     Found  at  Cbothnm,  Conn.,  in  gneiss,  associated  witJi  smaltite. 

Bbkituauftite.— Composition  NiSb=Antimon7  UT-8,  nickel  333=100.  Color  li^t 
ooppi<r-lad.     AndreBsben. 

Ab  its  ^Ac  antimoniferoni  uiocoUte,  contuning  33  p.  a  Sbt  B*mw-'Pjna6«t ;  WoUwA, 
Qaden. 


a   DETJTO    ott    PYRITE    DIVISION." 


(a)  PyriU  Group. 

PTRXni.*  Iron  Pyrites.     SeIiw«felkiOE,  Eisenkiea,  Qem. 

Isometric;  pjritohedral.  The  cube  tho  most  cominon  form ;  thepyrito- 
'iedron,  f.  92,  p.  23,  and  i-eUted  forms,  f.  94,  95,  96,  also  veiy  common. 
See  also  f.  103,  lOi,  105,  p.  24.  Cubic  faces  often  strinted,  Tvitfi  Btriationi 
of  adjoiiiing  faces  at  right  angles,  and  due  to  oscillatory  combination  of  the 
cube  and  pyritohednin,  the  strife  having  the  direction  of  the  edges  between 
O  and  t-2.  Crystals  sometimes  acicnlar  through  elongation  of  cubic  and 
othei-  forma.  Cleavage :  cubic  and  octahedral,  more  or  less  distinct.  Twins: 
twiuing-plane  7,  f.  276,  p.  93.  Also  reniform,  globular,  stalactitic,  with  a 
crystalline  surface ;  sometimes  radiated  eubfibrous.     Massive. 


n.=«*>  8-5.     G.=4'83-5-2.     Lnstre    metallic,  splendent    to    glistening. 
Color  a  pale  brass-yellow,  nearly  anifonn.     Streak  greenish  or  oroivnish- 
black.     Opaque.     Fracture  conchoidal,  unavcn.     Brittle.     Strikes  flre  with  . 
Bteel. 

Comp.,  Var— Fe3,=Snlphni33'3,  iron  46'7=100.  Nickel,  cobalt.  And  thtklUnni,  and  also 
eopper.  aoiTiFtlmeB  replace  a  little  of  the  iron,  or  else  occur  m  nuxtnrea ;  and  gold  v»  come. 
times  presetit.  distribnted  InrlHibl;  throogb  it. 

Pyr,,  etc.— In  the  closed  tnbe  «  snblimato  ol  salphnr  and  a  mognetlo  residaB,  B,B.  on 
ohkrconl  gives  off  sulphnr,  bnming'  with  a  bine  flame,  leaving  a  residue  whioh  reacCa  like 
pyrrhotite.     Insoluble  in  hydrochloric  acid,  but  decomposed  by  nitric  acid. 

HiS. — DistingniBhed  from  chKlcopyiite  by  its  greater  baldness,  slnoe  it  cannot  be  irut  with 
%  knife ;  as  also  by  its  pole  color ;  from  morcaaite  by  ita  spedDo  gravity  and  coloi.  ITot 
malleable  like  gold 

Ob3,—Fyrite  onnin  abundantly  in  rook*  ot  an  acM,  frcoD  tlw  oldMt  ci7(talliiie  iMk*  to  Ikt 
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most  reoent  alluvial  deposits.  It  UBually  occnis  in  small  cubes,  also  in  irreg;ular  si>heroidal 
Qodules  and .  in  veins,  in  claj  slate,  argillnceous  sandstones,  the  coal  formation,  eto.  Th« 
Cornwall  mines,  Alston-Moor,  Derbyshire,  Fahlun  in  Sweden,  Kongsberg  in  l^orway.  Elba, 
Traversella  in  Piedmont,  Pern,  are  well  known  localities. 

Occurs  in  New  England  at  many  places :  as  the  Vernon  slate  quarries ;  Boxbury,  Conn.,  eto. 
Tn  JV.  York,  at  RoHsie,  at  Schoharie;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  many 
other  places.  In  Pefinsyhania^  at  Little  Britain,  Lancaster  Co.  ;  at  Chester,  Delaware  Co. ; 
in  Carbon,  York,  and  Chester  Cos. ;  at  Cornwall.  Lebanon  Co.,  etc.  Li  Wisconsin^  near 
Mineral  Point.  In  N.  Car,^  near  Greensboro*,  Guilford  Co.  Auriferous  pyrite  is  common  at 
the  mines  of  Colorado,  and  many  of  tho^e  of  California,  as  well  as  in  Virginia  and  the  States 
south. 

This  species  affords  a  considerable  part  of  the  iron  sulphate  and  sulphuric  acid  of  commerce 
and  also  much  of  the  sidphur  and  alum.  The  auriferous  variety  is  worked  for  gold  in  man^ 
g^ld  regions. 

The  name  pyrite  is  derived  from  rvo,  fire,  and  alludes  to  the  sparks  from  friction. 

Hauerite.— Composition  MnSt=:Sulphur  53*7,  manganese 40*3=100.  Isometric.  Color 
reddish-brown.     Kalinka,  Hungary. 


OHAIjCOPTRITE.*  Copper  pyrites.    Kupferkies,  Qerm, 

Tetragonal ;  tetrahedml.  O  A 14  =  IBS'"  25' ;  c  =  0-98556 ;  O  A 1  =  125' 
40' ;  1  A 1,  pyr.,  =  109^  53' ;  1 A 1  (f.  440)  =  71°  20'  and  70°  7'.  Cleav- 
age :  2-i  sometimes  distinct ;  Oy  indistinct.  Twins :  twinning-plane  1-i ; 
the  plane  1  (see  p.  94).     Often  massive. 
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H.=3*5-4.  G.=4*l-4'3.  Lnstrc  metallic.  Color  brass-yellow ;  subject 
to  tarnish,  and  often  iridescent.  Streak  greenish-black — a  little  shining 
Opaqne.     Fracture  conchoidal,  uneven. 

Oomp. — CuFeS,= Sulphur  84'0.  copper  34 '0,  iron  30*5=100.  Some  analyses  give  otbei 
proportions;  but  probably  from  mixture  with  pyrite.  There  are  indefinite  mixtures  of  the 
two,  and  with  the  increase  of  the  latter  the  color  becomes  paler. 

This  speoies,  nlthongh  tetragonal,  is  very  closely  isomorphons  with  pyrite,  the  variation 
from  the  cubic  form  being  slight,  the  vertical  axis  being  0*98556  instead  of  1. 

Traces  of  selenium  have  been  noticed  by  Kersten  in  an  ore  from  Heinsberg  near  Freiberg. 
ThaUium  is  also  present  in  some  kinds,  and  more  frequently  in  this  ore  than  in  pyrite. 

Pyr^  etc. — In  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate  ;  in  the  open 
tobe  sulphurous  oxide.     B.B.  on  charcoal  gives  sulphur  fames  and  fuses  to  a  magnetic  glo 
bale.     The  roasted  ore  reacts  for  copper  and  iron  with  the  flnxes ;  with  soda  on  charcoal 
gives  a  globule  of  metallic  iron  with  copper.     Dissolves  in  nitric  acid,  excepting  the  sulphur, 
and  forms  a  green  solution  ;  ammonia  in  excess  changes  the  green  color  to  a  deep  blue. 

Di£t — Disdnguished  from  pyrite  by  its  inferior  hardness,  it  can  be  easily  scratched  with 
the  knife ;  and  by  its  deeper  color.  Xot  mmlleable  like  gold,  from  which  it  differs  also  iv 
being  deooniposed  by  nitrio  aoid. 
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Obt.^— Gbaloopyiite  Ib  the  princi|>al  ore  of  csopper  at  the  Cornwall  mines.  Occurs  at  Frei- 
berg ;  in  the  Bajonat ;  Honguiy ;  and  Thuringia ;  in  Scotland  ;  in  Tuscany ;  in  South  Australia; 
in  &ie  crystals  at  Cerro  Blanco,  Chili 

A  common  mineral  in  America,  some  localities  are :  Stafford,  Yt.  ;  Rossie,  EUenville,  N.  T. ; 
Phenixville.  etc. ,  Peiui.  The  mines  in  North  Carolina  and  esstem  Tennessee  afford  largo 
quantities  Occurs  in  Oal ,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Nort€ 
Co.,  on  west  side  of,  and  parallel  to,  the  chief  gold  belt ;  occurring  massive  in  Calaveras  Co.; 
in  H^Iariposa  Co.,  etc.  In  Gaiuida^  in  Perth  and  near  Sherbrooke;  extensively  mined  at 
Brace  mines,  on  Lake  Huron. 

Named  from  x^^^'^^i  hrass^  and  pyrites,  by  Henckel.  who  observes  in  his  Fyritology  (1725j 
that  chal  copy  rite  is  a  good  distinctive  name  for  the  ore. 

CuBANiTE  is  CuFeaS«,  or  CuFcaSs  (Scheidhauer). — Occurs  massive  at  Barracanao,  Cuba; 
Tunaberg,  Sweden. 

Barnhardtitb,  from  North  Carolina. — Composition  uncertain,  perhaps  CUfFosSi.  It  may 
be  partly  altered  from  ohalcopyrite. 

STANNrrs  (Zinnkies,  Oerm\ — A  sulphide  containing  26  p.  a  tin ;  also  copper,  iron,  and 
sina    Massive.    Color  steel-gray.    Chiefly  from  Cornwall,  also  ZinnwaUL 


IJNNi!(aTB.    Kobaltniokelkiea,  Oerm, 

Isometric.  Cleavage:  cubic,  imperfect.  Twins:  tw inning-plane  octa- 
hedral.    Also  massive,  granular  to  compact. 

H,=5-5.  G.=4*8-5.  Lustre  metallic.  Color  pale  steel-gray,  tarnishing 
copper-red.     Streak  blackish-gray.     Fracture  uneven  or  subconchoidal. 

Oomp.— Co3S«  (or2CoS+CoS,)=Sulphur  42*0,  oobalt  58-0=100;  but  having  the  cobalt 
replaced  partly  by  nickel  or  copper,  the  proportions  yaiying  yery  much.  The  MOsen  ore 
{negeniU)  contains  30-40  p.  c.  of  nickel. 

Pyr.,  etc. — The  variety  from  Miisen  gives,  in  the  closed  tube,  a  sulphur  sublimate ;  in  the 
open  tube,  sulphurous  fumes,  with  a  faint  sublimate  of  arsenous  oxide.  B.B.  on  charcoal 
gives  arsenical  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
gives  with  the  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  in  nitric  acid,  with  separa- 
tion of  sulphur. 

Diff. — Distinguished  by  its  color,  and  isometric  crystallization. 

Ob3. — In  gneiss,  at  Bastnaes,  Sweden;  at  Miisen,  near  Siegen,  in  Prussia;  at  Siegen 
{siegenite),  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  mosfc^  massive,  also  crystalline  * 
and  at  Mineral  Hill,  in  Maryland. 


SBftALTlTJEI.*  Speiskobalt,  Oerm, 

Isometric.  Cleavage :  octahedral,  distinct ;  cubic,  in  traces.  Also  mas- 
sive and  i:^  reticulated  and  other  imitative  shapes. 

H, = 5*5-6.  G. = 6*4  to  7*2.  Lustre  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnisn. 
Streak  grayish-black.     Fmctui-e  granular  and  uneven,     iorittle. 

Oomp.,  Var.— For  typical  kind  (Co.Fe,Ni)As3=  (if  Co,  Pe,  and  Nl  be  present  in  equal 
parts)  Arsenic  72*1,  cobalt  9*4,  nickel  0*5,  iron  9*0=100.  It  is  probable  that  nickel  is  neyei 
whoUy  absent,  although  not  detected  in  some  of  the  earlier  analyses  ;  and  in  some  kinds  it  il 
the  principal  metal.     The  proportions  of  cobalt,  nickel,  and  iron  vary  much. 

Tlie  following  analyses  will  serve  as  examples  of  the  different  varieties : 

As        Co  Ni  Fe         Cu 

1.  Schneeberg  7037  13*95  1*70  11-71      189  8  0*66,  Bi001=99'88  Hofmana 

2.  AXLemont {c/iloaiit/uU)  7 I'll  18-71  6*82  8  2-29=98-93  Rammelsbeig. 

^.  Uiechelsdorf  60-42  1080  25*87  0*80  8  2  11=100. 

4.  Schneeberg  74  80     879    12*86      738    8  0*85=99*63  Kazstedt. 
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Pyr.,  etc. — In  the  doae  tube  gives  a  eablimate  of  hietallio  anenio ;  in  the  open  tabe  • 
white  sublimate  of  arsenous  oxide,  and  sometimes  traces  of  sulphurous  oxide.  B.B.  on  char- 
coal gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  Buooessive  portions 
of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickeL 

Obs. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silvex 
and  copper ;  also,  in  some  instances,  with  niccolite  and  arscnopyrite ;  often  having  a  coating 
of  annabergite. 

Occurs  at  Schneeberg,  etc.,  in  Saxony  ;  at  Joachimsthal ;  also  at  Wheal  Spamon  in  Corn- 
wall ;  at  Biechelsdorf  in  Hesse ;  at  Tunaberg  in  Sweden ;  AUemont  in  Dauphin^.  Also  in 
oiystals  at  Mine  La  Motte,  Missouri  At  Chatliam,  Conn. ,  the  chloanthite  {eJiatfiamUe)  uccuis 
in  mica  slate,  associated  generally  with  araenopyrite  and  sometimes  with  niccolite. 

Spatqiofyrite  is  closely  allied  to  smaltite,  with  which  it  occurs  at  Bieber  in  Hessen. 

Skuttebuditb  (Tesseralkies,  OemK). — CoAss= Arsenic  79*2,  cobalt  20*8=100.  Isometric. 
Skatterud,  Norway. 


COBALTITB.    (Hanoe  Cobalt    Kobaltglanz,  Germ. 

Isometric ;  pyritohedraL  Commonly  in  pyritohedrons  (f.  92,  95,  etc., 
p.  23).  Cleavage:  cubic,  perfect,  tlaues  O  striated.  Also  massive, 
granular  or  compact. 

IL=5-5.  G.=6-6'3.  Lustre  metallic.  Color  silver- white,  inclined  to 
red  ;  also  steel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
much  iron.     Streak  grayish-black.     Fracture  uneven  and  lamellar.    Brittle 

Oomp.,  Var.— CoAsS  (or  CoS,  -hCoAs>)= Sulphur  19  '3,  arsenic  45  '2,  cobalt  35*5= 100  The 
oobalt  is  sometimes  largely  replaced  by  iron,  and  sparingly  by  copper. 

Pyr.,  etc. — Unaltered  in  the  closed  tube.  In  the  open  tube,  gives  sulphurous  fumes  and 
a  ciystaUine  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  off  sulphur  and  arsenic, 
and  fuses  to  a  magnetic  globule  ;  with  borax  a  cobalt-blue  color.  Soluble  in  warm  nitric  add, 
separating  arsenous  oxide  and  sulphur. 

Di£— Distingruished  by  its  reddish-white  color;  also  by  its  pyritohedral  form. 

Obs. — Occurs  at  Tunaberg,  Hokansbo,  in  Sweden  ;  also  at  Skutterud  in  Norway.  Othez 
localities  are  at  Qucrbach  in  Silesia,  Siegen  in  Westphalia,  and  Botallack  mine,  in  ComwalL 
The  most  productive  mines  are  those  of  Vena  in  Sweden. 

This  species  and  smaltito  afford  the  greater  part  of  the  smalt  of  commerce.  It  is  also 
employed  in  porcelain  painting. 


QERSDORFFITB.    Nickelarsenikkies,  Arsenikniokelglanz,  Oerm, 

Isometric  ;  pyritohedral.  Cleavage :  cubic,  rather  perfect.  Also  lamel- 
lar and  granular  massive. 

H.=5*5.  G.=5.6-6'9.  Lustre  metallic.  Color  silver-white — steel- 
gray,  often  tarnished  gray  or  grayish-black.  Streak  grayish-black.  Frac- 
ture uneven. 

Oomp.,  Var. — Normal,  NiAsS  (or  NiSa-hNiAsa)^:  Arsenic  45*5,  sulphur  19 '4,  nickel  35  1=:: 
100.     The  composition  varies  in  atomic  proportions  rather  widely. 

Pjrr.,  etc. — In  the  closed  tube  decrepitates,  and  g^ves  a  yellowish-brown  sublimate  of 
arsenic  sulphide.  In  the  open  tube  yields  sulphurous  fumes,  and  a  white  sublimate  of  arsen- 
ous oxide.  B.B.  on  charcoal  gives  sulphurous  and  garlic  odors  and  fuses  to  a  globule,  which, 
with  borax-gloss,  giyes  at  first  an  iron  reaction,  and,  by  treatment  with  fresh  portions  of  tho 
flux,  cobalt  and  nickel  ore  successively  oxidized. 

Decomposed  by  nitric  acid,  forming  a  green  solution,  with  ^paration  of  sulphur  and  nrscn* 
ouB  oxide. 

Obs. — Occurs  at  Loos  in  8w««den  ;  in  the  Bars  ;  at  Schladming  in  Styria ;  Kamsdorf  in 
Lower  Thuringia ;  Xlaueisen,  Voi^ Mand ;  near  Ems.  Also  found  as  an  incrustation  al 
PhenixviUe,  Pa. 
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ITiXKAXXinL--SiSbS  (SiS^-hSiSbi^^^AiitiTiiaQj  57  2,  MOplm  15*1«  akM  87  7=^100 

GomebHj  ooptMni  also  Mme  arifnic.     Color  steel-^nj.     Siog«n,  Hui^cflcode,  €to. 

Comn^iTK. — ^Nl(AK,Sb)S»  box  the  usexiic  (38  p^  a » in  exoeas  of  the  a&UmoQj.  01«s  Ootui* 
diia.  WoLFACHiTS  (PeiiezMn),  fioin  Wolfach,  Baden,  ia  aimilar  in  oomponfeioii,  InU  ia 
octhoiiiombic  in  form. 

Laurtte. — An  osminin-xiitheniam  aolpliide.  Anailjaia  (Wohler)  Sulphnr  31 '79  [Oamim 
9if^]^  R^itJy>ninm  55.18=100.  OocuB  in  minnte  octahedrons  from  the  platinam-waahil^ 
of  Bocneo ;  aa  alao  those  in  Ozegon. 


(&)  Marcasiie  Group.    Orthorhombic 


MAROASITB.    White  Iron  Fyritea.    StnhUdea,  etai,  Gmm. 

Orthorhombic     /A  /=  106^  b\  O  A 14  =  122**  26',  Miller ;  i:l:d 
1-5737  : 1-3287  : 1.     O  A 1  =  116*  55'  •  Oa  1-1 
=  130°  10'.    Cleavage:  /rather  pertect;  1-1  *« 

iu  traces.  Twins :  twinning-plane  1^  sometimes 
consisting  (»f  five  individuals  (see  f.  308,  p.  98) ; 
al6<^  1-i.  Also  globular,  reniform,  and  other 
imitative  shapes — structure  straight  columnar ; 
often  massive,  columnar,  or  gi-anular. 

n.=6-6  5.  G.=4-67S-4-84r7.  Lustre  metallic.  Color  palo  broiuse-j'ol- 
low,  sometimes  inclined  to  firreen  or  gray.  Streak  grayi^i-  or  bix)Wiiidi* 
black.     Fi-acturc  uneven.     Brittle. 

Oomp.,  Var.— FeS,,  like  p7rite=Salphar  53*3,  iron  46*7=100. 

The  Yarieties  that  have  been  recognised  depend  mainly  on  atate  of  oiyataUiaation ;  at  Iht 
Radiated  {8tra7dku$) :  Radiated ;  eiao  the  simple  oiyataliek  Coekicamb  {Katnmkisi) :  Aggr** 
gationa  of  flattened  cryatala  into  oreat-like  forma.  Spear  (SpeerkM) :  Twin  orjatala,  wil^ 
reentering  angles  a  little  like  the  head  of  a  apear  in  form.  (ApiQary  (IToarA^dt) :  In  oapil* 
lary  ciystallizations,  etc. 

Pyr. — Like  pyrite.     Very  liable  to  decomposition ;  more  ao  than  pyrite. 

Difil — Distiagaished  from  pyrite  by  its  paler  color,  especially  maiked  on  a  freah  aorfaoe ; 
by  its  tendency  to  tarnish ;  by  its  inferior  specific  gravity. 

Obs. — Occars  near  Carlsbad  in  Bohemia ;  at  Jooohimsthal,  and  in  several  parts  of  Saxony  ; 
in  Dorbysblre ;  near  Alston  Moor  in  Camberland ;  near  Taviitook  in  Devonshire,  and  in 
Cornwall 

At  Warwick,  N.  T.  Massive  fibrons  varieties  abound  thronghont  the  mica  slate  of  New 
England,  particalarly  at  Cnmmington,  Mass.  Occurs  at  Lane's  ndne,  in  Monroe,  Oonn.  ;  ia 
Trumbull ;  at  East  Haddam ;  at  EUtverhill,  N.  H. ;  Galena,  DL,  in  stalaotitQa.  In  Canada  is 
Neebing. 

Maroasite  is  employed  in  the  manufacture  of  sulphur,  sulphuric  aold,  and  iron  sulphaW, 
though  less  frequently  than  pyrite. 


ARSENOPTRITB,  or  MI8PICKEL.    Arsenical  Pyrites.    Arsenikkiea,  Oirm. 

Ortliorhombic.  7  A  /=  111*  53',  (9  A  1-i  =  119*  37' ;  iilid^  1-76S8  : 
1-4793  : 1.  O  A 1  =  115*  12',  O  A  1-i  =  130*  4'.  Cleavage :  /  rather 
distinct ;  0,  faint  traces.  Twins :  twinning-plane  7,  and  1  -i.  Also  colum- 
nar,  straight  and  divergent ;  granular,  or  compact. 

K =5-5-6.    G . = 60-6-4 ;  6-269,  Franoonia,  Kenngott.     Lustre mefAllia 
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IL=s^2-S.  G.=5'2-5'4.  Lufitre  Bubmetallic-adamantine.  Color  iron 
black.  Streak  dark  cherry-red.  Opaque,  except  in  thin  splintere,  wiich, 
by  transmitted  light,  are  deep  blood-red.    Fi-acture  subconclioidaL 

Oomp.—AgSbSi  (orAff.S+SbiSi)=Siilphnr21-8,  aotjmoiir  41-5,  Bilver  36  7=100. 

Pyr.,  etc — In  the  closed  tube  deorepitetee,  fnsea  eaailr,  and  giTes  a  Bublimate  of  antiiuooj 
Fiilpbide  *  !□  tha  open  tnbe  mlplmroaB  and  antimonoue  fumes,  tho  latter  aa  a  white  Bublimate. 
ll.B.  on  ohaicool  fnses  qnleUf,  witb  emiaaiou  of  aulphar  Euui  antimony  fames,  to  a  gray  bead, 
wbichnftercontinaed  treatment  in  O.F,  leavei  a  bright  globule  of  silver.  If  the  ailrer  globule 
be  treated  with  phoepbonu  salt  in  O.F.,  the  green  glaas  tbas  obtained  ahovB  iracea  of  oop|>ei 
when  fused  with  tin  in  E.  F. 

DecompOHed  bj  nitrio  aoid,  witb  separation  of  snlpbnr  and  ontimonona  oxide. 

Oba.—At  Braunsdorf,  near  Freiberg  in  Saxcmy:  Felaobauja  {ktnngcUiU) ;  Frzibram  in 
Bohemia ;  Claosthol  (hgpargjpite)  :  Qaodalajara  in  Spain ;  at  Parenoi^  and  the  mine  Stat  M. 
da  Oatijroe,  near  Pohiai ;  also  at  M<>Uaaree,  ilexico. 

BARTORITE.    80i.kkoclau. 
Orthorhombic.     /A  1=  123°  21',  <?A  1-i  =  131°  3' ;  h.l:d=  1-1483  : 
.    1"8553  :  1.   Crystals  slender.   Cleavage : 
M7  £?  qnite  distinct 

BL=3.  G.=5-393.  Lustre  metallic 
Color  dark  lead-gray.  Streak  reddisb- 
brown.     Opaque.     Brittle. 

Ooinp^FbAs,S,(PbS-i-Aa,S,)=Sulphiu  7»% 
■nenic  80-0,  lead  13-7=100. 

PjT.,  eto. — Nearly  the  same  m  for  dofrenoy- 

■Ite  {q.  T.),  but  differing  in  strong  decrepitation. 

Obs.— Fnim  the  Binnen  valley  with  dofrenoy- 

•ite  and   bionite.      Aa  the  name   Scleroclaaa  it 

inapplicable,    nud    the    mineral   was   first    an- 

nonnoed   by  Sartorine  t.  Walteahwisen,  the  species  may  be  appropriately  oalled  SartoriU. 

It  is  the  binnite  of  Hensaer. 


Orthorhombic  /A /^  120°  39',  Rose.  Usual  in  twins,  as  hexagonal 
pmrns,  with  a  low  hexa^nal  pyramid  at  summit.  Latci-al  faces  longitudi- 
nally striated.  Sometimes  oolumnar,  fibi-oas.  or  massive.  Cleavage  not 
ilistinct. 

H.=3-3-5.  G.=5-30-5-35.  Lustre  metallic.  Color  and  streak  stee'.- 
ti-wy.     Opaque.     Fractnre  slightly  uneven. 

Oon^— FbSbiS,  (or  PbS-l-Sb|Bi)  =  Sn]phar  22-1,  antimony  42-3,  lead  357=100. 

Tjx.,  etc. — Decrepitates  and  foses  very  easily ;  in  the  closed  tabe  gives  a  faint  Bnbliinate 
of  inilphiit  and  antimonoaa  inlpUde ;  in  the  open  tube  sulpharons  fumes  and  a  white  sabli' 
mate  of  oxide  of  antimony.  B.  B.  on  charcoal  is  almost  entirely  volatilized,  giving  u  coating 
whloh  on  the  enter  edge  is  white,  and  near  the  assay  daric-yellow ;  with  soda  in  ILF.  yieltk 
globnles  of  lead. 

Soluble  in  hot  hydrochloric  aoid  with  evolntion  of  sulphuretted  hydrogen  and  separation  of 
laad  chloride  on  cooling. 

Besembles  stibnlte  ajnd  bonmonite,  but  may  be  distingnlahed  by  its  superior  hardDeea  and 
■peoiflo  gravity. 

Obs. — OccniE  at  WolEsberg  in  the  Ears. 

CiULCOBTiBiTB  (Eupferantimonglanz,  Gtrm.). — Compodtlon  CaSbS,  (or  CuiS  t-Sbi8)}=: 
Snlphnr  33'7,  autimonr  iSi),  oopper  2a-4.  Odor  lead-gray  to  iron-gray.  Wolfsberg  in  th« 
Ban. 

EMPLECTrrs  (Enpferwismnthglani,  0«n)t.>.— Compodtioo  CnBiS,  (or  Cu.S-i-BiiS,)=Siil. 

CI  19'1,  bismuth  6S'0,  copper  18-9=100.     tiolcr  grayish  to  tin-whit«.     Schworzenbers, 
ony;  Copiapo,  RhilL 


^«H., 


^    Jormiii*.  Xt  ifc^uB_:s,  =:=ai:?  --3  ^>sS^li,lyu;S> 


ri. 


A.  1.      liimaiamE.      £i  =.?  ^      FnaEi&L  41:  ^«2ft«MQp  It  IK  Hatv 
m-  EiSL-siiMB.  iscraiL  ail.  zr^xur  decremaaqp  1;  1^     Ttiuwit1ia>  ^wiivKkT^Wii 

Ciesm«ft  ^  disnnfs.      Dour  ■ifte.-ga^      £  =-4^     l^ittM^i^n  I^im)mi 
qxurc     Couc  iemt-fop.    ISat  Ciinc  sixbl.  CaUmi^ 


If    GmryU    Farnrnk   i;,.SkA*iiS^=£>5^-»  {^\^VS» 


•  >^;m»       rfcifc 


fcrifc'Jt:  7  and  4^  icK  i^crfeco.     U«Mu:':y  in  i*ctk**nW  v^^'^fiThK     X  W^  fi>i«s'*i«w; 
H.=ij-B.     G-=5-S-5-5L    Color  «t«i«>I-jriV  to  iWi;  )/^t^^.ivy      ?^>y*\ 

T. 


OoB^*— Fi*,Bb,Si  larSPiS— SWS»';  »«««*ri<!^gr*$=«««r  WI^V*.  U¥M»:^-H  . 
4.  Bupixcr  ^  1.  snsimacT  2£±.  1m4  4S'7,  irai  S*0=:1<I^  ;^wiiin  ^««MMK%fMi  ^  «^t^  ^#n 
asu^  Biivei,  auc  oopfper  ■»  kiao  wnftTii  iiKi  ppB>MiV. 

Pyr.^ — Bubf;  itt  fur  Ysakoiise. 

tazm  2Z1  SpuTr   axkd  TtrMai     

Thef«U/t^  ort  oaaam  at  Wabftieair  m  tb«  Bm^mh  Hurt ;  ikW  nt  A^t^iH^M^ynii  i^  ^>^V\^ 
Uial;  at  Freiboy  and  Schaaaiu ;  a&  P£Afl«Bb«q^  M^l  Mmv^Im^  ;  1^  1^|||^^X^  H^fr^^AH^V^^ 
%t  CboDXa  inFers. 


Orthorhorabic     7 A 7=  93-=*  39\  O  A  1-i  =  12P  »>\  *^ :  *  J «»  -  » -fWIX  i 
1*0658  :  1.     Usual  Id   thick  rectan- 
gular tables.     Cleavage:  O  perfect. 

A\iA)  massive. 

H.=3.  (t.=5-549-5-569.  Lustre 
metallic.  Color  blackish  lead-gi-ay. 
Streak  reddish-brown.  Opaque.  Brit- 
tle. 


Oomp.— Pb,A8,S»  (or  2PbS+2As«St)=Siil- 
pknx  22-10,  aiBenio  20*72,  lead  5718=^  100. 

Pyr.,  etc. — Easily  fases  and  (jfiyen  a  vubli- 
mate  ol  sulphur  and  arsenous  sulphide;  in 
Uio  open  tube  a  smell  of  solphnr  only,  with  a  ■aUioMtt  of  ittlphur  in  ttpp«*r  |)AI  d  tif  lulwi 
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of  anenouB  oxide  below.    On  oharooa!  decrepitates,  melte,  yieldB  fames  of  arsenic  and  f 
globule  of  lead,  which  on  cnpellation  yields  silver. 

Obs. — From  the  Binnenthal  in  the  Alps,  in  crystalline  dolomite,  along  with  sortorite,  jordan< 
ite,  binnite,  eto. 

Damour,  who  first  studied  the  arsenio-sulphides  of  the  Binnenthal,  analyzed  the  massivs 
ore  and  uained  it  dufreruysite.  He  inferred  that  the  crystallization  was  isometric  from  somu 
associated  crystals,  and  so  published  it.  This  led  von  Waltershausen  and  Heusser  to  coll  the 
isometric  mineral  dufrenoysite,  and  the  latter  to  na  ne  the  orthorhombic  species  binnite.  Von 
Waltershausen,  after  studying  the  prismatic  mineral,  made  out  of  the  species  arsenomelan  and 
ieleroclase,  yet  partly  on  hypothetical  grounds.  Recently  it  has  been  found  that  three  ortho- 
rhombic  minerals  exist  at  the  locality,  as  announced  by  vom  Bath,  who  identifies  one,  by  speci- 
fic gravity  and  composition,  with  Damour^s  dufrenoykte ;  another  he  makes  seleroekus  of  von 
Waltershausen  (sartorite,  p.  250)  ;  and  the  other  he  names  jordamts  (p.  251).  The  iaometrio 
mineral  was  called  binnite  by  DesGloiseaux. 


FRBIESLEBBNITB.    Sohiifglasen,  Oerm. 

Monoclimc.    O  =  87°  46',  /A  /=  119^  12',  0  A  l-i  =  137^  10'  (B.  &  M.) ; 

(J :  ^  :  a  =  1-5802  :  1-7032  :  1.        6^Al-i  =  123°    55'. 
449  Prisms  longitudinally  striated.     Cleavage :  /  perfect 

H. = 2-2-5.  G. = 6-0-4.  Lustre  metallic.  Color  and 
streak  light  steel-gray,  inclining  to  silver-white,  also 
blackish  lead-grav.  Yields  easily  to  the  knife,  and  is 
rather  brittle.     I  racture  subconchoidal — uneven. 

Oomp — PbaAg.SbsS*.  Eamm.  (or  TRS-i-SSbaSa,  \vath  7RS  =4Pb8 
4-3Ag,S)=Sulphur  ISS,  antimony  26  9,  lead  30-5,  silver  23 -8= 100. 
Pyr. — In  the  open  tube  gives  Bulphurous  and  antimonial  fumes, 
the  latter  condensing  as  a  white  sublimate.  B.  B.  on  charcoal  fuses 
easily,  giving  a  coating  on  the  outer  edge  white,  from  antimonona 
oxide,  and  near  the  assay  yeUow,  from  oxide  of  lead ;  continued 
blowing  leaves  a  globule  of  silver. 

Obs. — Occurs  at  Freiberg  in  Saxony  and  Kapnik  in  Transylvania;  at 

Eatieborzitz ;  at  Przibram ;  at  Felsobanya;  at  Hieudelencina  in  Spain. 

According  to  v.  Zepharovich,  the  mineral  from  Przibram  and 

Brannsdorf,  and  part  of  that  from   Freiberg,  while  identical  in  composition  with  freiea- 

iebenite,  has  an  arthirrhoinbic  form.     It  is  called  by  him  diapiiouite. 

BRONONiARDrrB.— Composition  AgaPhSbaSs  (or  PbS-fAgaS+SbaS,)= Sulphur  19-4.  anti- 
mony 20*5,  silver  26  '1 ,  lead  250=  100.  Isometric ;  in  octahedrons,  also  massive.  Color  gray* 
ish-black.    Mexico. 

COBALITE  ( (?<f/i^A).— Composition  PbaBiaS,  (or  2PbS+Bi3S,)= Sulphur  161,  bismuth  42*2, 
lead  41*7=100.  Color  lead-gray.  Soft  and  brittle.  Cosola,  Sinaloa,  Mexico.  Identical 
(Frenzel)  with  Hermarm's  reUbanyite, 

PYRosTiLPNrrK  (Feuerblende,  Oerm.). — In  delicate  crystals;  color  hyacinth-red.  Con- 
tains 62*8  p.  c.  silver,  also  sulphur  and  antimony.     Freiberg  ;  Andreasberg;  Przibram. 

BiTTiNGERiTB. — In  minute  tabular  crystals.  Color  blade  Streak  orange-yellow.  Can- 
tains  sulphur,  antimony,  and  silver.    JoachimsthaL 


{d)  Gboup  IIL    Formula  E5( A8,Sb),Se= 3RS  -f  (AB,Sb) A- 


PYRARQTRm].    Baby  Bilyer.    Dark  Bed  Silver  Ore.    Dunkles  BotbgQltigexz,  Oerm. 

Rliombohedral.  Opposite  extremities  of  crystals  often  unlike.  12  A  li 
=  108°  42'  (B.  &  M.) ;  OaB^  137°  42' ;  ^  =  0-788.  (9  A  1»  =  112°  38', 
OAr  =  100°  14',    ffAi=144°   21'.    Cleavage:    H   rather   imperfect 


soLPBABBnnTn,  BOLnuKmiOHTm,  no,  253 

Twine:  compoeition-fiice— i;  9or  basal  plane,aa  in   f.  290,  p.  96;   alan 

J?    and    /.     AIbo  mBsgive,   structure 

gmiinlar,Bi>metime8  impalpable.  *^  ^^l 

H.=2-2-5.  G.=5-7-5-9.  Lustre 
inetallic-adainantine.  Color  black, 
sometimes  approaching  co<.'hineal-red. 
Streak  cochineal-red.  Translucent — 
opaque.     Fracture  conchoidal. 

Ocmp.  —  AgiSbS,  (DT  8Ag,S-fSb,S,)-8nl- 
pbtiT  17-7,  antiDionr  32'5,  silver  59-8  =  100. 

Pyr.,  ate. — In  the  closed  tube  f  iiaeB  ftnd  girea 
u  reddish  sublimate  of  antimoaouB  Bulphide  ; 
in  tba  open  tube  Balpharoaa  fumea  and  a  white  rabllmate  of  antimonoiu  oxide.  B.B.  oa 
Rbarconl  foaes  with  apiiting  to  a  globtile,  gives  off  antimoiioaa  anlphide,  coata  the  ooal  whit*, 
and  the  a»uy  ia  ooDverted  into  HUvez  sulphide,  whioh,  treated  in  O.F.,  or  with  aoda  In  RF., 
givea  a  globule  of  &ae  silrei.  In  case  areenio  is  present  it  maj  be  detected  by  tuain|[  tha 
pulverized  mineriil  with  soda  On  charcoal  in  B.F. 

Decomposeil  by  nitrio  acid  with  separation  of  sulphur  and  antimonoua  oxiile. 

Obs. — Occors  principally  with  calcite,  native  araenio  and  galenite,  at  Andreasberg ;  also  In 
Saxooy,  Hungary,  Norway,  at  Qandaloanol  in  Spain,  and  in  Oomwolt.  In  Meiioo  abundant. 
Id  Chili;  in  Nevada,  at  Washoe  in  DaneyMine;  abundant  about  Austin,  Ilcese  river;  at 
Poor  Han  lode,  Idaho. 


PROUSTrm.    Light  B«d  Snver  Ore.    Llohtei  BotliffOltigen,  Oem. 

Khombohedral.  .flA5  =  10r'  48',  0^^  =  137°  9';  c  =  0-78506. 
Also  granular  massive. 

H.=2-3-5.     G.= 5-432-5-56.     Lastre  adamantine.     Color  couhincal-red. 
Streak  co(thineaI-red,  sometimes  inclined  to  aurora-red.     Subtransparent- 
flnbtransliicent.     Fracture  conchoidal— uneven. 

Conip.-Ae,AsS,  (OT3Ag,3+As,3>)=8alpbiul9'4,  arsenic  lB-1,  silver  05  0=100. 

Pyr.,  etc. — In  the  closed  tnbe  (uses  easily,  and  gives  a  faint  anblimate  of  araenouM  sulphide; 
in  the  open  tube  salphurona  fumes  and  a  white  crystalline  eablimate  o(  anwnuUH  oiido.  B.B. 
on  charcoal  fanes  and  emits  odora  of  anlphnc  and  araenio  ;  by  prolonged  heatinjf  in  O,  F.,  ot 
with  soda  in  ILF..  ^ves  a  giobole  o(  pure  silver.     Bome  varictici  contain  antimony. 

Decomposed  by  nitric  acid,  with  separation  of  anlphnr  and  anienona  oxide. 

Obs.— Occura  at  Freiberg  and  elsewhere  in  Saiony  ■  at  Joachimsthal  :  Wolfooh  In  Baden  j 
Chalacches  in  DanpbiniS ;  Qnadalcanal  in  Spain  ;  in  Mexico :  Peru  ;  Obili,  at  Cbunarcillo.  In 
magnificent  crystals.  In  Nevada,  in  the  Donay  tuuie,  and  in  Comslock  lode,  but  raia;  la 
veins  about  Aoatin,  Lander  Co,  :  in  microsooirio  etystala  in  Cabamu  Co.,  N.  C,  «t  tb« 
McMakiu  mine :  in  Idaho,  at  the  Poor  Han  lode. 


BOOBHOMrrO.    BUelBB,  0mn.[=Whe«lOre). 

Orthorh'.mMc.  /A /=  93°40',  OAl-t=  ISe"!?' (Milleri;  (  J  :  d  sa 
y-9501S;  lOWii:  1.  OaI-s  =  133°  26',  OaI  =  12r  20',  C>Al-r  =  138' 
0'.  Cle!iv&;.'e  ;  t'-f  imperfect ;  i-i  and  O  less  distinct  Twins:  twinnine- 
[.lane  fa^*  /  ;  crystals  often  cruciform  (t  453),  croesing  at  angles  of  Do" 
40'  and  89''  -J')' ;  hence,  also,  cog-wheel  shaped.  Also  uuusive  ;  granular. 
oonipacL 
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H.=2'5-3.  G.=5*7-5'9.  Lustre  metallic.  Color  and  streak  Bteel-graj, 
inclining  to  blackish  lead-gray  or  iron-black.  Opaque.  Fracture  con- 
choidal  or  uneven.    Brittle. 


452 


453 


Oomp.,  Var.— CuPbSbS,  Bamm.  (or  SSS+SbaSs,  with 3BS=2?bS+CusS)= Sulphur  19^, 
tntimony  25*0,  lead  42*4,  oopper  13*0=100. 

P3nr^  etc. — In  the  closed  tube  decrepitates,  and  gives  a  dark-red  sublimate.  In  the  open 
tube  gives  sulphurous  oxide,  and  a  white  sublimate  of  antimonous  oxide.  B.  B.  on  charcoal 
fuses  easily,  and  at  first  coats  the  coal  white,  foom  antimonous  oxide ;  continued  blowing 
gives  a  yeUow  coating  of  lead  oxide ;  Uie  residue,  treated  with  soda  in  B.F. ,  gives  a  globule 
of  oopper. 

Deoomposed  by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and 
a  white  powder  containing  antim  my  and  lead. 

Ob8.'--Occurs  in  the  Harz ;  at  llapnik  in  Transylvania ;  at  Servos  in  Piedmont:  Brauns- 
dorf  and  Gersdorf  in  Saxony,  01$a  in  Corinthia,  etc. ;  in  Cornwall ;  in  Mexico ;  at  Hnaaoo- 
Alto  in  Chili ;  at  Machacamaroa  in  Bolivia ;  in  Peru. 

Sttlotypitb. — An  iron-silyer -copper  boumonite ;  Copiapo,  Ohili. 


BOUIiANaBRITE. 


In  plumose  masses,  exhibiting  in  the  fracture  a  crystalline  structure , 
also  granular  and  compact. 

H.= 2-5-3.  G.= 5.75-6*0.  Lustre  metallic.  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 


Oomp.— Pb,SbaS.  (or  3Pb84Sb9S,)= Sulphur  18*2,  antimony  231,  lead  58 •7=100. 

Pyr. — Same  as  for  sinkenite. 

Obs. — Quite  abundant  at  Molidres,  department  of  Gard,  in  France ;  also  found  at  Nasafjeld 
in  Lapland :  at  Nertsohinsk :  Ober-Lahr  in  Sayn-Altenkirchen ;  Wolfsberg  in  the  Hars ;  near 
Bottino  in  Tuscany. 

Epiboulangbritb. — Probably  a  decomposition  product  of  boulangerite  (Websky) ;  it  con- 
lains  more  sulphur  and  less  antimony.    Altenberg,  Silesia. 

WliTiCHENiTB.— Gompoaition  Cu.BiSs  (or  3CuaS+Bi,8s)=  Sulphur  19*4,  bismuth  42.1, 
aopper  38 -6 =100.     Color  steel-gray.     Wittichen,  Baden. 

KoBELLrTB.— PbsBiSbS.  (or  8rbS+(Bi,Sb)5S,)  Ramm.  =Sulphur  16*8,  antimony  10  7,  bis- 
muth 18 -2,  lead  54*3= 100.     Color  lead-grray  to  steel-gray.     Hvena,  Sweden. 

AtKiNiTB  (Nadderz,  ^tfriw.).— CuPbBiS.  (or  Cu8S-h2PbSH-Bi,S.)= Sulphur  167,  bismuth 
80*2,  lead  36  0,  copper  11 '1=100.  In  adcular  crystals,  also  masflive.  Color  blaokiah  lead 
gray.     BeresofL  Urals ;  Gold  Hill,  North  QiqUjuu 


8ULPBAB8SRTTEB,   BCLFHAimilOIITrSS,   BTO:  25^ 

(«)  Qeolp  IV.    rormnlftK,(AB,Sb,Bi)^;=4RS  +  (A8,8b,Bi)A- 

TBTRAEBDRrm.'GnyCoppeiOre.     Pahlen;  Antlmoii- and  Qneol^berfihleR,  Oem 

leometric ;  tetraliedraL  Twins:  twinning-plane  octahedral,  producing, 
when  the  composition  is  repeated,  the  form  in  f.  456,  Alao  massive ;  gran- 
alar,  coarse,  or  fine ;  compact  or  crypto-crystalline. 


H.=3-4'5.  G.=4o-6-56.  Lustre  metallic.  Color  between  light  flint- 
gray  and  irfin-black.  Streak  generally  same  as  the  color;  sometimes 
inclined  to  brown  and  cherry-red.  Opaque ;  Bometimes  Bnbtrausliicent  in 
very  thin  splinters,  transmitted  color  cherry-red.  Fractnre  subcunchoidal 
— nneven.     Rather  brittle. 

Oomp.,  Var.— CQeSb,3,  (or  4Cu,S+SbiSi).  wiUi  part  of  the  oopper  (Cb.)  often  replaced  by 
iron  (Fe).  liDC  (Zu),  nlrer  (Ag,).  or  qaickgllvet  (Hg),  and  rarely  cobnlt  (Co),  mud  put  of  tha 
ontimonf  by  araenic,  and ruely  biamntii.     Batio  A^i-i-Cni  :  Zn+Fe  gencrall;  =2  :  1.    Then 

A.  An  antiinDnial  leTieii ;  B.  An  aneiiio-auUmoiiial  eeriei :  C.  A  biamuthio  anwmo-antl- 
monial ;  besides  an  arimiieal,  'in  which  arsenic  replacet  all  the  antimon;,  and  which  ia  mad* 
into  a  distiiiot  species  named  Unnnntite. 

Var.  1.   Ordinary.  ContaiitLng  little  or  no  ailTei.  Color  ateDl-t[n7  to  dark-graj. 

2.  ArgenUferoui ;  Frttt/ergitt.    Ughtateel-gnv.aometinieaiKiii-blaok. 

3    Merc<iriferg{i»  ;  SeAaatiile.     GMor  gray  to  iron-blaok. 

The  toUowing  analjseH  will  serve  as  examples  of  theae  vuletleB  ; 

S        Sb       As       Cu       Fe       Zn     Ae 
ll>  HQaen  35'4S    1915    4-03    SO'SS    8-48    350    0-eONiCal'64=»8'GBBammelBbetB. 

(9)  Heiseberg    34-80    26-56    80-47    853    8-!t9  10.48  Fb  078=100-00  " 

(S)  Eotterbach  22-03     lB-34    S-M    8534    0-B7    O-QO    Hg  1T'2T,  Pb  0-31  Bi  0  81  =  100 

.».  Bath. 
Pyr..  etc.— Differ  in  the  difleient  Tarietiaa.  In  the  olwied  tabs  all  fnse  and  givn  a  dark* 
red  rablimate  of  antimonom  sulphide ;  when  containing  mercnty,  a  taint  dork- gray  mblimote 
appears  at  a  low  red  heat ;  ftod  if  ranch  arsenio,  a  snblimftte  of  arsenoua  galphide  first  forme. 
In  the  open  tube  fuses,  gives  sulphnroos  fnmes  and  a  white  niiblimate  of  antimony  ;  if 
QisEnic  is  present  a  crystalline  volatile  snbUmate  condenses  with  the  antimony ;  if  the 
ore  contains  mercnry  it  condetiaes  in  the  tabe  in  minnte  metallic  globnles.  B.B.  on  charcoal 
fiuies.  gives  a  coating  of  antimonoos  oxide  and  somedmes  arsenoos  acid,  line  oxide,  and  lead 
otide  ;  the  arsenic  may  be  detected  by  the  odor  when  the  coating  is  treated  in  B.F. ;  the 
tine  oiide  asnnmes  a  green  color  when  heated  with  oobalt  aolntian.  The  roasted  minemd 
gives  trith  the  finxea  reaotdona  for  iron  and  oopper ;  witii  soda  yields  a  globale  of  metalUo 
oopper.  To  determine  the  presenoe  of  a  traoe  of  aisenio  by  the  odor,  it  Is  bert  to  fnsa  the 
mineral  on  i^axnotl  witb  K>d«.    The  pnemoe  of  merowy  is  bsat  aMcrtMiMd  by  tvdvf  Utt 
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pulverized  ore  in  a  dosed  tabe  with  about  three  times  its  weif^ht  of  dry  soda,  the  nieta) 
subliming  and  condensing  in  minute  globules.     The  silver  is  determined  by  cupellution. 

Decomposed  by  nitric  acid,  with  separation  of  sulphur,  and  antimonous  and  arsenous  oxides. 

Obs. — The  Cornish  mines,  near  St.  Aust.  ;  at  Andreasberg  and  Clausthal  in  the  Hars ; 
Kremnitz  in  Hungary ;  Freiberg  in  Saxony  ;  Przibram  in  Bohemia  ;  Kahl  in  Spessart ;  Kap- 
nik  in  Transylvania  ;  Dillenburg  in  Nassau  ;  and  other  localities.  The  ore  containing  mer- 
cury occurs  in  Schm  jlnitz,  Himgary ;  at  Schwatz  in  the  Tyrol ;  and  in  the  valleys  of  Angint 
and  Costello  in  Tuscany. 

Found  in  Mexico,  at  Durango,  etc.  ;  at  various  mines  in  Chili ;  in  Bolivia ;  at  the  Kellogg 
mines.  Arkansas  ;  at  Newburyport,  Mass.  In  California  in  Maripoea  Co. ;  in  Shasta  Co.  In 
Nevada,  abundant  at  the  Sheba  and  De  Soto  mines,  Humboldt  Co.  ;  near  Aastin  in  Lander 
Co. ;  in  Arizona  at  the  Heintzelman  mine,  containing  1^  p.  c  of  silver ;  at  the  Sana  Rita  mine. 

lliONiTE  [Drauns). — A  bismuth  tetrahedrite  from  Cremenz,  Einfischthal,  Switzerland. 

Maldiowrrite. — A  tetrahedrite  containing  0-18  p.  c.  lead,  and  10-13  p.  c.  silver.  District 
of  Bocuay,  Peru.     (5th  Append.  Min.   Chili.) 


TENNANTTTE.*  Graukupfererz,  Oerm, 

Isometric ;  liolohedral,  Phillips.  Cleavage :  dodecahedral  imperfect 
Twins  as  in  tetrahedrite.     Massive  forms  unknown. 

H.=3-5-4.  G.=4:-37-4'53.  Lustre  metallic.  Color  blackish  lead-graj 
to  iron-black.     Streak  dark  reddish-gray.     Fracture  uneven. 

Oomp. — CuiiAsaS?  (or  4CusS+AssSs),  with  Cua  replaced  in  part  by  Fe,  Ags,  etc.,  as  in  tetra- 
hedrite, with  which  it  agrees  in  crystalline  form. 

Pyr. — In  the  closed  tube  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube  gives 
sulphurous  fumes,  and  a  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  fuses  with  intumes- 
cence and  emission  of  anenio  and  sulphur  fumes  to  a  dark-gray  magnetic  globule.  The 
loasted  mineral  gives  reactions  for  copper  and  iron  with  the  fluxes;  with  soda  on  charooal 
gives  metallio  copper  with  iron. 

Obs. — Found  in  the  Cornish  mines.     Also  at  Skutterud  in  Norway,  and  in  Algeria. 

JULTANITE  (Webaky)  is  near  tennantite.     Qt.  =5*12.     Budelstadt,  Silesia. 

Meneguinitb  has  the  composition  Pb4Sb3S7(4PbS+SbvS,]=Sulphur  17*3,  antimony  168, 
lead  68-9=100.     Resembles  boulangerite.     Bottino,  Tuscany  ;  Schwarzenberg,  Saxony. 


(/)  Geoup  V.    Formula  E5(As,Sb)|S8=5BS  +  (As,Sb),S,. 

8TBPHAN ITE.    Sprodglasen,  Oerm, 

Oithorhombic.     7  A  /  =  115°  39',  0  A  U  =  132°  32i' ;  c\l\&  =  l-089'i 

:  1-5844  : 1.     O  A 1  =  127°  51',  O  A  1-i  =  145°  34.   Cleav- 
^"^  age:  2-<  and  i-i  imperfect.     Twins:  twinning-plane  /; 

forms  like  those  of  aragonite  frequent.     Also  massive, 
conipact,  and  disseminated. 

lL=2-2-5.      G.=6-269,  Przibram.      Lustre   metallic. 
Color  and  streak  iron-black.     Fracture  uneven. 


Oomp.— AgkSbSi  (or  5 Ag3S-f-Sb9St)= Sulphur  16*2,  antimony  15*8, 

sUver  68'6=:100. 

Pyr.  —In  the  dosed  tube  decrepitates,  fuses,  and  after  long  heating 

gives  a  faint  sublimate  of  antimonous  sulphide.     In  the  open  tube  fuses. 

giving  off  antimonial  fumes  and  sulphurous  oxide.     B.B.  on  charcoal 

fuses  with  projection  of  smaU  particles,  coats  the  coal  with  antimonous 

ozide,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and  a  globule  of  metallic 

lilver  is  obtained. 

Soluble  in  dUute  heated  nitric  add,  salphur  and  ozi4#  of  antimony  being  deposited. 
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ObA. — At  Freibexg  and  elaewhere  in  Saxony ;  at  Pmbram  in  Bohemia ;  in  Hungary  ;  at 
Andreasberg ;  at  Zaoatecas  in  Mexico ;  and  in  Peru.  In  Nevada,  an  abundant  silver  ore  in 
the  Oomstook  lode ;  at  Ophir  and  Mexican  mines  in  fine  crystals ;  in  the  Reese  river  and 
Humboldt  and  other  regions.     In  Idaho,  at  the  silver  mines. 

Oeocronitb. — Composition  Pb»SbiBe  (or 5PbS+Sb9St)= Sulphur  16*7,  antimony  15*9,  lead 
67*4=100  (also  contains  a  little  arsenic).  Ck»lor  light  lead-gray.  Sala,  Sweden ;  Merido^ 
Soain ;  Yal  di  Castello,  Tuscany. 


POLTBA8ITB. 


Orthorhorabic,  DesCl.  I^  I  nearly  120°,  O  A 1  =  121''  30'.  Crystals 
usually  short  tabular  prisms,  with  tlie  bases  triangularly  striated  parallel 
to  alternate  edges.  Cleavage:  basal  imperfect.  Also  massive  and  dis- 
seminated. 

H.=:2-3.  G.=6'214.  Lustre  metallic.  Color  iron-black;  in  thin  crys- 
tals cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque  except 
when  quite  thin.     Fracture  uneven. 

Oomp. — A^uSbSe(or  OAgaS+SbsSs),  if  containing  silver  without  copper  or  aiseniCf  Sulphur 
14*8,  antimony  9*7,  silver  95  5=100.  But  with  jigs  replaced  in  part  by  Cua  (ratio  Ag  :  Gu= 
I  :  4  bo  1  :  11),  and  Sb  replaced  by  As  (ratio  1  :  1,  etc.)< 

Pyr.,  etc. — In  the  open  tube  fuses,  g^ves  sulphurous  and  antimonial  fumes,  the  latter 
lonning  a  white  sublimate,  nometimes  mixed  witii  crystalline  arsenous  oxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  cool  with  anti- 
monous  oxide ;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white  coat- 
ing of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for  copper, 
and  cupelled  with  lead  gives  pure  silver. 

Decomposed  by  nitric  acid. 

Obs. — Occurs  in  Mexico ;  at  Tres  Puntos,  Chili ;  at  Freiberg  and  Przibram.  In  Nevada, 
ac  the  Reese  mines ;  in  Idaho,  at  the  sUver  mines  of  the  Owhyhee  district. 

PoLTABOTBrrB.— Isometria  Cleavage  oubio.  Malleable.  Comp.  ISAgaS-f-SbaSi.  Wol- 
Caoh,  Baden. 


ENARQITB. 


Orthorhombic.  /A  /  =  97°  53',  0  A  l-i  =  136°  37'  (Dauber) ;  <5 :  J  :  4  = 
0-94510  :  ri480  : 1.  0  A  l-i  ==  140°  20',  (9  A 1  =  128°  35'.  Cleavage :  / 
perfect ;  i-i,  i-l  distinct ;   O  indistinct.    Also  massive,  granular  or  columnar. 

H.=3.  (t.=4'43-4*45  ;  4*362,  Kenngott.  Lustre  metallic.  Color  gray- 
ish to  iron-black ;  streak  grayish-black,  powder  having  a  metallic  lustre. 
Brittle.     Fracture  uneven. 

Oomp. — CusA834= Sulphur  82*5,  arsenic  10*1,  copper  48'4=100,  usuaUy  containing  also  a 
little  antimony,  and  sine,  and  sometimes  sUver. 

Pyr. — In  the  dofle'i  tube  decrepitates,  and  gives  a  subUmate  of  sulphur ;  at  a  higher  tem- 
perature fuses,  and  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube,  heated  gently, 
the  powdered  mineral  gives  off  sulphurous  and  arsenous  oxides,  the  latter  condensing  to  a 
subUmate  containing  some  antimonous  oxide.  B.B.  on  charcoal  fuses,  and  gives  a  faint  coat- 
ing of  arsenous  oxide,  antimonous  oxide,  and  sine  oxide ;  the  roasted  minend  with  tiie  fluxes 
gi?t>9  a  globule  of  metaUic  copper. 

Soluble  in  nitro-hydrochloric 

17 
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Obi. — ^From  Morooooha,  Goidillenui  of  Pern ;  Famatina  Mte.,  Argentine  Bepablio ;  from 
Chili :  mines  of  Santa  Amia,  N.  Granada ;  at  Cosihuirachi  in  Mexico ;  Brewster's  gold  mine, 
Ohesterfield  district,  S.  Carolina ;  in  Colorado ;  at  Willis's  Goloh,  near  Black  Hawk :  southern 
Utah ;  Morning  Star  mine,  Cal. 

Famatinitb  {St^ener), — An  antimonial  enargite.  Massive.  Color  reddish  graj.  Fama- 
tina Mt& ,  Argentine  Republic ;  Cerro  de  Pasca,  Peru. 

LuzoNiTB. — Similar  to  enargite  in  composition,  but  unlike  in  form,  according  to  W  eisbacb 
Mancayan  Island,  Luzon. 

Clabitb  (Bandberger), — ^AIso  similar  to  enargite  in  composition,  but  in  form  monoclinic^ 
and  having  a  perfect  cleavage  parallel  to  the  dinopinaooid.     Schapbaoh,  Black  Forest. 

Bpigsnitb.— Composition  S  dl^-24.  As  12-78,  Cn  401^  Fe  14*90=100.  OrtluNcliQmbio 
Ckilor  steel-gxaj.    Nenglflok  mine,  WittkiieiL 


oiuiruuaiw  or  ohlobibz,  Buoimn,  ioduoel 


UL  COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE 


1.  ANHYDROUS  CHLORIDES,  ETa 
HAUTS.    COUHOIT  HALT.    Xochuli,  Stslnvl^  Germ. 

lenmetric.     Usually  in  cubes  ;  rnrely  iu  octahedroue ;  faceB  of  cnmtak 
sometimes  cavemonB,  as  in  f.  45S.     Cleavage  :  cubic, 
perfect.     Massive  and  granular,  i-arelv  columnar.  468 

H.=2-5.  G.=21-3-257.  Lustre  vitreous.  Streak 
white.  Color  white,  also  sometimes  jellowish,  red- 
dish, bluish,  porpliah;  often  colorleea.  Transpareut 
— traiiBlncent.  Fracture  conchoidal.  Rather  brittle. 
Soluble ;  taete  purely  saliue. 

Oomp IfBCl=Cbloriiie  807.  Mdiam  39'3=100.     Commimly 

mixed  with  some  caloiam  solptuite,  okldnin  chloride,  and  nugne- 
num  chloride,  and  aometimea  magneaiiim  anlphate,  which  nndat 

it  liabla  to  deliqneece. 

Fyr..  etc.— In  the  cIo«edtabe  fnaea,  often  with  deciepitation;  when  foaed  on  tha  platinom 
loop  colors  the  flame  deep  yellow. 

DiS.— DiBtingaiBhed  bj  ita  taate,  •olubilitij',  and  perfect  cnbio  deaTage. 

Oba.^Cammon  salt  oconn  in  extendve  bat  irregolar  beda  in  rocka  of  Tariooa  tget,  aaaooi- 
ated  with  gypaom,  polyhalite,  oalcite,  clay,  and  aandstone;  alao  in  lotDtion,  and  forming 
aitlt  springH. 

The  principal  iniiiea  of  Enrope  are  atWielicxka,  in  Poland;  at  Hall,  in  the  l^rol:  Slaa- 
fuTt.  in  Pmssian  Saxony;  and  along  the  range  through  Beichenthal  in  BaTaria,  TT«iln)ii  Ig 
Sal^lmrg,  Hallatadt,  lachl.  and  Ebenaee,  in  upper  Aaatria.  and  Ansaee  in  Styria ;  in  Tran^l- 
vauia  ;  WiiUachia.  Qalida.  imd  upper  Sileda  ;  Vic  and  Dieme  in  France  ;  Valley  of  Cordons 
and  elsenhere  in  Spain,  fonniog  hilla  300  to  400  feet  high  ;  Bex  in  Switieriand  ;  and  Noiih- 
wich  in  Cheshire,  England.  It  also  oociirt  near  Lake  Oroomiah,  the  Caspian  Lake.,  eta.  In 
Ugeria  ;  in  Abjaiinia ;  in  India  in  the  pronnce  of  I^ahore,  and  in  the  valley  of  Caihmen ; 
■n  China  imd  Asiatic  BowIb  ■  in  Sonth  America,  in  Pern,  and  at  Zinaquara  and  Nemooon. 

In  the  United  Stat(«,  salt  haH  been  fonnd  forming  beds  with  gjpanm,  in  Tirginia.  Waah. 
ington  Co. ;  in  the  Salmon  River  Hta.  of  Oregon;  in  Loniuank.  Brine  springa  are  warj 
njmernuj'  id  the  Middle  and  Weotem  States.  These  springs  are  worked  at  Salina  and  Syra- 
cuse, N.  Y.  ;  in  the  Kanawha  Valley,  Va.  ;  Hnakingain.  Ohio;  Michigan,  at  Saginaw  and 
e!wH-here  ;  and  in  Eentncky.  YuBt  Iskea  of  nit  water  exist  in  many  parte  of  the  world. 
Lake  Timpini^os  in  the  Eocky  Mono  tains.  4.300  feet  above  the  level  of  the  sea,  now  called 
the  Great  Suit  Lake,  is  2.000  sqnore  miles  in  area.  L.  Qale  found  in  this  water  20~108  per 
cent,  of  sodium  chloride  in  1852  ;  bnt  the  greater  ruinfoU  of  the  last  few  years  has  diiolii- 
iHhed  the  proiKirtion  of  saline  matter.  The  Dead  and  Caspian  Seaa  are  salt,  and  the  watcaa 
of  the  former  contain  20  to  SC  parts  of  aoljd  matter  in  100  pkrta. 

Hlm  NT AJAviTB. ^Composition  20NaCl  +  AgCL  Oocun  in  white  onbea  in  tiie  mine  of  Bm 
Kin(m,  Cerro  de  HoantajivS  F**"- 
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8TLVITB. 

''Iflometric.     Cleavage  cubic.     Also  compact. 

II.=2.  G.= 1*9-2.  White  or  colorless.  Vitieoiis.  Soluble;  taste likfl 
that  of  common  salt. 

Oomp. — KC1= Chlorine  47 '65,  potassium  52*85=100.     But  often  containing  imparities. 

Pyr.,  etc. — B.B.  in  the  platinum  loop  fuses,  and  gives  a  violet  color  to  the  outer  flame. 
Added  to  a  salt  of  phosphorus  head,  which  has  heen  previously  saturated  with  copper  oxivle, 
colors  the  O.F.  deep  azure-blue.     Water  completely  dissolves  it. 

Obs. — Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Stassfurt ;  at  Leo> 
poldshall  {leopoldits) ;  at  Kalusz,  Galicia. 

CZ2RARQTRITE.    Keraigyrite.   Horn  Silver.  Silberhomerz,  Germ, 

Isometric.  Cleavage  none.  Twins:  twinuing-plane  octahedral.  Usually 
massive  and  looking  like  wax ;  sometimes  columnar,  or  bent  columnar ; 
often  in  crusts. 

H.=l-1*5.  G.=5*552.  Lustre  resinous,  passing  into  adamantine.  Color 
pearl-gray,  grayish-green,  whitisli,  rarely  violet-blue,  colorless  sometimes 
when  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Transparent — feebly  subtranslucent.  Fracture  somewhat  couchoidal. 
Sectile. 

Comp AgCl=Chlorine  247,  sUver  75-3=100. 

P3n^.,  etc. — In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metaUio  silver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saturate  with 
copper  oxide,  and  heated  in  O.F.,  imparts  an  intense  azure-blue  to  the  flame.  A  fragment 
placed  on  a  ntrip  of  zinc,  and  moistened  with  a  drop  of  water,  swells  up,  turns  black,  and 
timilly  is  entirely  leduced  to  metallic  sUvcr,  which  shows  the  metallic  lustre  on  being  pressed 
with  the  point  of  a  knife.     Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs. — Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually  only  in 
the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ochreous  varieties  of  brown 
iron  ore  ;  also  with  several  copper  ores,  with  calcite,  barite,  etc. 

The  largest  masses  are  brought  from  Peni,  Chili,  and  Mexico.  Also  occurs  in  Nicaragua 
near  Ocotal ;  in  Honduras.  It  was  formerly  obtained  in  the  Saxon  mining  districts  of 
Johanngeorgenstadt  and  Freiberg,  but  is  now  rare.  Found  in  the  Altai ;  at  Kongsberg  in 
Norway ;  in  Alsace ;  rarely  in  Cornwall,  and  at  Huelgoet  in  Brittany.  In  Nevada,  about 
Austin,  Lander  Co. ,  abundant ;  at  mines  of  Comstock  lode.  In  Arizona,  in  the  Willow  Springs 
dist. ,  veins  of  El  Dorado  canon,  and  San  Francisco  dist.     In  Idaho,  at  the  Poor  Man  lode. 

Named  f»"om  atfjncy  horn,  ani  a^yvo^,  tUvet. 

Calomel  (QuecksUberhomerz,  Oerm.). — Composition  HgCl= Chlorine  15*1,  mercury  84*9 
•&100.     Color  white,  grayish,  brown.     Spain. 

SAJi  Ammoniac  (Salmiak,  Oerm.), — Ammonium  chloride,  NH^Cl^ Ammonium  33*7,  chlo- 
rine 60*3=100.     Vesuvius,  Etna,  and  many  volcanoes. 

Nantokite  (Breithaupt).— Composition  CuCl=Chlorine  35*9,  copper  64*1=100.  Cleavage 
cubic.     Color  white.     Nantoko,  ChiU. 

Embolite. — Ag(Cl,Br) ;  the  ratio  of  CI :  Br  varying  from  3  :  1  to  1  :  3.  Color  grayish- 
green.     At  various  mines  in  Chili ;  also  Mexico ;  Honduras. 

Bromtrite,  Bromargyrite  (Bromsilber,  Germ,).— Silver  bromide,  AgBr=Bromine  426, 
■Uver  57*4=100.     Color  when  pure  bright  yellow,  slightly  greenish.     Chili;  Mexico. 

Iodyrite,  lodargyrite  (lodsilber.  Germ,). — Silver  iodide,  Agl= Iodine  540,  silver  46  0:^ 
too.     Color  3'ellow.     Mexico  ;  Chili ;  Spain ;  Cerro  Colorado  mine  in  Arizona. 

Tocobnalite  (Domeyko). — Composition  Agl-hHgl.  Amorphous.  Color  pale  yellow. 
Chafiarcillo,  Chili 

CnLOROCAi.ciTE  (Scacchi).— From  Vesuvius,  contained  58*76  p.  c.  CaCl, ;  with  also  K01« 
IfaGl^MgCU.  Chloralluminite,  Chlobmagnbsite,  and  Chlouothionite  are  also  frooi 
VeuuviuB. 
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CoTrKKrnE.--LeAd  chloride,  PbQ,=GUoniie  25*5,  lead  74*6==100.     Soft    White.    Yen 
•ills.     PsEUDOCOTUMNiTB  (Scacohi),  YesaTina. 


MOLTsrrs. — Compoeition  FeClt= Chlorine  65*5,  iron  34-6=100.    YesoTiiia. 


2.  HTDEOUS    CHLORIDES. 


OARNAUJTE. 


Massive,  gi^anular ;  flat  planes  developed  by  action  of  water,  but  no  dis- 
tinct traces  of  cleavage ;  lines  of  striae  sometimes  distiuguislied,  which 
indicate  twin- composition. 

Lustre  shining,  greasy.  Color  milk-white,  but  often  reddish  from  mix- 
ture of  oxide  of  iron.  Fracture  conchoidal.  Soluble.  Strongly  phosphor 
escent. 

Oomp. — KMgCls.6aq=KGl+MgGls  +  6aq=Magne8iam  chloride  34*2,  potasaiam  chloride 
20 -9,  water  38-9=100. 

The  brown  and  red  color  of  the  mineral  is  dne  partly  to  iron  sesqniozide,  which  ia  in  hex- 
agonal tables,  and  partly  to  organic  matters  (water-plants,  infusoria,  sponges,  etc.). 

"Pyr.y  etc. — B.B.  fuses  easily.  Soluble  in  water,  100  parts  of  water  at  18*75^  C.  taking  np 
64'5  parts. 

Obs. — Occurs  at  Stassfurt,  where  it  forms  beds  in  the  upper  part  of  the  salt  formation, 
alternating  vrith  thinner  beds  of  common  salt  and  kieserite,  and  also  mixed  with  the  common 
salt.  Its  beds  orjusist  of  subordinate  beds  of  different  colors,  reddish,  bluish,  brown,  deep  red, 
sometimes  colorless.  Sylrite  occurs  in  the  camallite.  Also  f oiind  at  Westeregeln  ;  with  salt 
at  Maman  in  Persia.     Its  richness  in  potassium  makes  it  valuable  for  exploration. 

TAcnHYDuiTE. — Composition  CaMgaCU  -I-  12aq=CaCla+2MgCl3  +  12aq  (Ramm.)= Chlorine 
40*3,  magnesium  0*5,  calcium  7*5,  water  427=100.    Color  yeUowish.    Deliquescent, 
furt. 

Kremersite.— Probably  2NH4Cl-h2KCl-i-FeCl«+3aq.     Veaayiua. 

EBTTHROBiDRRrrB,  also  from  Yeauviua,  is  2ECl-fFeClt-fdaq. 


3.  0XYCHL0RIDE8. 


ATACABATTB. 


Orthorhombic.  7  A  /=  112*'  20',  0 M-i  =  131°  29' ;  cilid-  I'lSl 
:  1*492  :  1.  Usually  in  modified  rectangular  prisms,  vertically  striated ;  also 
in  rectangular  octahedrons.  Twins :  twinning-plane  /;  consisting  of 
three  individuals.  Cleavage:  i-i  perfect,  1-i  imperfect.  Occurs  also  mas- 
sive lamellar. 

H.= 3-3-5.  G. =3-761  TKlein),  3-898  (Zepharovich).  Lustre  adamantine- 
vitreous.  Color  various  shades  of  bright  green,  rather  darker  than  emerald, 
sometimes  blackish-green.  Streak  apple-green.  Translucent— subtran* 
lucent. 
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Oomp<— Ga01t+3HtOtiOk=Chlorme  16*64,  copper  59*45,  oxygen  11*25,  water  12*66=  100. 
AIbo  other  compounds  with  more  water  (18  and  22^  p.  c). 

Pyr.,  etc.— In  the  closed  tube  gives  off  much  water,  and  forms  a  gray  sublimate.  B.B.  on 
^*hai:coal  fuses,  coloring  the  O.F.  azure-blue,  with  a  green  edge,  and  giving  two  coatings, 
one  brownish  and  the  other  grayish-white  ;  continued  blowing  yields  a  globule  of  metaUio 
copi>er  ;  the  coatings  touched  with  the  R.F.  volatilize,  coloring  the  flame  azure -hlue.  In  acidfi 
easily  soluble. 

Obs. — Occurs  in  different  parts  of  Chili  ;  in  the  district  of  Tarapaca,  Bolivia ;  at  TocopiI!a 
in  Bolivia ;  with  malachite  in  South  Australia ;  Serro  do  Bembe,  near  Ambriz,  on  the  west 
coast  of  A^ca ;  at  the  Estrella  mine  in  southern  Spain ;  at  St.  Just  in  Cornwall. 

Tallingitb. — Composition  CuClt+4HaCu03+4aq.  In  thin  crusts.  Color  blue.  Botal- 
lack  mine,  Cornwall. 

Atblitb. — Composition  CuCli+2HsCuOa  +  aq.     Formed  from  tenorite.     Vesuvius. 

Pergtlitb. — An  oxychloride  of  lead  and  copper.  Occurs  in  minute  sky-blue  cubes, 
Sonora,  Mexico ;  So.  Ajfrica. 

Katiockitb.  —Composition  P  bClt+PbO=Lead  chloride  55*5,  lead  oxide  44  '5 = 100.  Crom- 
ford)  near  Matlock,  Derbyshire. 

Mendepitb. —Composition  PlCl9+2PbO=Iiead  chloride  88*4,  lead  oxide  61*0=100.  Id 
columnar  masses,  often  radiat44.  Color  white.  Mendip  HiUs,  Somersetshire;  BriUon, 
Westphalia. 

Schwabtzbmbbroitb. — Composition  Pb(I,Cl)9-f2PbO.  Color  yellow.  Desert  of  Ata- 
cama. 

Dattbbeitb.— Composition  (Bia0t)4BiCli=Bi,0i  76*16,  BiCls  28*84=100.  Amorphous. 
Btmotore  earthy,  sometimes  fibrous.  Color  yellowish-gray.  H.=2*5.  O.  =6*4-6  5.  Fron 
the  mine  Const«Qoia,  Genro  de  Tansa,  Boliyia  (Domeyko). 


wusomnxE  ooMPOUsBib 
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IV.  FLUORINE  COMPOUNDS. 


1.  ANHYDROUS  FLUORIDES. 


459 


FLUORITEI  or  FLUOB  8PAB.*  FloBspath,  Germ. 

Isometric;  forms  usually  cubic  (see  f.  39,  40,  41,  52,  55,  etc,  pp.  16 
to  19).  Cleavage :  octahedral,  perfect.  Twins  : 
t winning-plane,  1,  f.  266,  p.  91.  Massive. 
Rarely  columnar ;  usually  granular,  coarse  or 
fine.  Crvstals  often  having  the  surfaces  made 
up  of  small  cubes,  or  cavernous  with  rectangular 
cavities. 

n.=4.  G.=301-3-25.  Lustre  vitreous; 
bomctimes  splendent ;  usually  glimmering  in  the 
massive  varieties.  Color  white,  yellow,  green, 
rose,  and  crimson-red,  violet-blue,  sky-blue,  and 
brown :  wine-yellow,  greenish  and  violet-bine, 
most  common  ;  red,  rare.  Streak  white.  Trans- 
parent-^subtranslucent.  Brittle.  Fracture  of  fine  massive  varieties  flat- 
conchoidal  and  splintery.  Sometimes  presenting  a  bluish  fluorescence. 
Pliosphoresces  when  heated. 

Comp.,  Var. — Calcium  flaoride,  GaFa= Fluorine  48*7,  calcium  51  '3=100.  Berzelios  found 
0  '5  of  calcium  phosphate  in  the  fluorite  of  DerbjEhiie.  The  presence  of  chlorine  woa  detected 
early  by  Scheele.  Kersten  found  it  in  fluor  from  Maiienberg  and  Freiberg.  The  bright 
colors,  as  sho^-n  bj  Eenngott,  are  lost  on  heating  the  mineral ;  they  are  attributed  mainly  to 
different  hydrocarbon  compounds  by  Wyrouboff,  the  cryst-allization  having  taken  plaoe  6om 
aqueous  solution. 

Var.  Ordinary;  (a)  cleavable  or  crystallized,  veryTarious  in  colors;  (b)  coarse  to  fine 
granular ;  {e)  earthy,  duU,  and  sometimes  very  soft.  A  soft  earthy  variety  from  BatofkA, 
Russia,  of  a  lavender-blue  color,  is  the  ratofkite.  The  finely-colored  fluorites  have  been 
caUed.  accordmg  to  their  colors,  false  ruby,  topaz,  emerald,  amethyst,  etc.  The  colors  of  the 
phosphorescent  light  are  various,  and  are  independent  of  the  actual  color ;  and  the  kind 
affording  a  green  color  is  'd)  the  cJdorophane. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  forceps  and 
on  charcoal  fuses,  coloring  the  flame  red,  to  an  enamel  which  reactH  alkaline  to  test  paper. 
With  soda  on  platinum  foil  or  charcoal  fuses  to  a  clear  bend,  becoming  opaque  on  cooling  ; 
with  an  excess  of  soda  on  charcoal  yields  a  residue  of  a  difScultly  fusible  enamel,  whUe  most 
of  the  soda  sinks  into  the  coal ;  with  gypsum  fuses  to  a  transparent  bead,  becoming  opaque 
on  cooling.  Fused  in  an  open  tube  with  fused  salt  of  phosphorus  gives  the  reaction  for  fluor 
ine.     Treated  with  sulphuric  acid  gives  fujnes  of  hydrofluoric  acid  which  etoh  glass.    Pho» 
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pboresoGiice  is  obtained  from  the  coanely  powdered  spar  below  a  red  heat     At  a  high  tem* 
pcratare  it  ceaaes,  bat  ia  portiaUy  restored  by  an  electric  dischaige. 

Diff. — Becognized  by  its  octahedral  cleavage,  its  etching  power  when  heated  in  the  glaai 
tube,  etc 

Obs. — Sometimes  in  beds,  bat  generally  in  veins,  in  gneiss,  mica  slato,  day  slate,  and  also 
in  limestones,  both  crystalline  and  ancrystalline,  and  sandstones.  Often  occors  as  the  gangne 
of  metallic  ores.     In  the  North  of  England,  it  is  the  gangae  of  the  lead  veins.     In  Derby 
shire  it  is  abundant,  and  aJso  in  Cornwall.     Common  in  the  mining  district  of  Saxony ;  fine 
near  Kongsberg  in  Norway.     In  the  dolomites  of  St.  Gothard  it  occurs  in  pink  octahedrons 

Some  American  localities  are  :  Trumball  and  Plymouth,  Conn.  :  Mascolonge  Lake,  Jeffer* 
von  Co.,  N.Y.,  in  gigantic  cubes ;  Bossie,  St.  Lawrence  Go. ;  near  the  Fri  nklin  furnace,  N.  J.  ; 
Gallatin  Co.,  SI. ;  Thunder  Bay,  Lake  Superior:  Missouri 

SblIiAITE  (Strliver). — Magnesiam  fluoride,  MgFa.  Tetragonal  Colorless.  Occurs  with 
anhydrite  at  Oerbulaz  in  Savoy. 

Ytteoceritb.— Composition  2(9CaF«H-2YFa4-CeF8)-i-3aq  (Bamm.).  Color  violot-blue, 
white.    Near  Fahlun,  Sweden  ;  Amit^,  N.  Y.  :  Paris,  Me.  :  etc. 

FLUOCERiTE.~Contains  (Berselius)  6eOs  82*64,  YO  112.     Sweden. 

Fluellitb. — Contains  (Wollaston)  fluorine  and  aluminum.     Cornwall 

Cbyftohalite. — FluosUicate  of  ammonium.  Vesuvius.  Also  observed  at  Vesuvina, 
f^dnffltunite,  HF,  and  proidaniU^  SiFf  (Soacohl). 


ORTOUTE.* 
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Triclinic  (DesCloizeaux  and  Websky).     Form  approaching  very  closely 

in  appeamnce  and  angles  to  the  cube  and  cu bo- 
octahedron  of  the  isometric  system.  General  habit 
as  in  f.  460 ;  P{0)  A  T{I)  =  90°  2',  I\0\  aJH(/') 
=  90°  24',  Ma  T(Ia  T)  =  91°  57' ;  also  /  {l-V)  A  M 
(/')  =  124°  30',  I  {1-V)  A  T(l)  =  124°  14'  (angles  by 
Websky).  Twins  common.  Cleavajye  pamllel  to 
the  three  planes  jP,  Jf,  jT/  in  crysttvis  most  com- 
plete parallel  to  T,  in  masses  parallel  to  P,  Com- 
monly massive,  cleavable. 

H.=2-5.  G.=2-9-3-077.  Lustre  vitreons;  slightlv 
pearly  on  O.  Color  snow-white  ;  sometimes  reddigu 
or  brownish  to  brick-red  and  even  black.  Snb- 
transparent — translucent.  Immei-sion  in  water  in- 
creases the  transparency.     Brittle. 

Oomp.— NaeiVlF.a  (or  6NaF-hAlF«)= Aluminum  18-0,  sodium  32-8,  fluorine  54-2=100. 

Pjn^.,  etc. — Fusible  in  the  flame  of  a  candle.  B.B.  in  the  open  tube  heated  so  that  the 
flame  enters  the  tube,  giTes  off  hydrofluoric  acid,  etching  the  glaas  ;  the  water  which  con- 
denses  at  the  upper  end  of  the  tube  reacts  for  fluorine  with  Brazil-wood  paper.  In  the  for- 
ceps fuses  very  easily,  coloring  the  flame  yellow.  On  the  charcoal  fuses  easily  to  a  clear  bead, 
which  on  cooling  becomes  opaque ;  after  long  blowing,  the  assay  spreads  out,  the  sodium 
fluoride  is  absorbed  by  the  coiU,  a  suffocating  odor  of  fluorine  is  given  off,  and  a  crust  of 
alumina  remains,  which,  when  heated  with  cobalt  solution  in  0. F. ,  gives  a  blue  color.  Soluble 
in  sulphuric  acid,  with  evolution  of  hydrofluoric  acid. 

Diff. — Distinguished  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  acid  in  the  open 
tube. 

Obfl. -^Occurs  in  a  bay  in  Arksut-fiord,  in  West  Greenland,  at  Evigtok,  where  it  constitutes 
A  large  bed  or  vein  in  gneiss.  It  is  used  for  making  soda,  and  soda  and  alumina  salts ;  alsc 
in  Pennsylvania,  for  the  manufacture  of  a  white  glass  which  is  a  very  good  imitation  oi 
porcelain. 

CnioLiTE.— Q.=2-84-2-90.  Na,AlF.  (orSNaF+AlF.).  CnoDNKFFTTE.— G.=:301.  '^n.^M 
Fio(or4NaF  HAlFe)  Ramm.  The  two  minerals  are  alike  in  physical  i^^racters,  oocuning 
in  minute  tetragonal  pyramids  ;  boUi  from  Miaak. 
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8.   HYDROUS    FLUORIDES. 

PAOHNOUTB.    ThomMiiolilo.* 

Monoilinic,  with   the  lateral   axes  equal    (*'  clino-qnadratic "  Nordwu 
kiold).   c:h:d=  1-044 :  1 :  1 ;  C  =  92°  30'.   PrisinB  slender, 
a  little  tai>ering :    /  horizontally  striated.     Cleavage  :  basal  WO* 

very  perfect.     Also  massive,  opal  or  ehaleedony-like. 

R.^2-5-i.  G.=2929-3008,of  eryBtaU.  Lustre  vitreous, 
of  a  cleavage-face  a  little  pearly,  of  massive  waxy.  Color 
white,  or  wiUi  a  reddish  tinge.     Transparent  to  traiisUicent. 

Comp.— VftiCaiAlF..  +  8aq,  or  2Sa.T  +  2CaP,  +  AIF,  -n  2aq  =  Fluorine 
51,28.  klomuinm  IS-SS,  oaldum  17-00,  Bodinio  10-33.  water  8  1U  =  100. 

Pyr^  Btc. — Pnies  mon  eaaily  tban  ojolite  to  ft  deu-  glona-  The  mtudTe 
decrepitates  remukably  In  the  fluna  of  &  cuidle.  In  powder  eaail;  deoom- 
posed  bj  BDlphorio  acid. 

Obi. — Foand  incrnrtinp  the  oijoUW  of  Greenland,  and  n  reenlt  of  ita ^^_ 

kltentioiL     The  oryatkla  often  Ii>Te  an  ochre-colored  coatine.  eapeciall;  the  ^is^' 

terminal  portion;  the;  are  sometimes  quite  large,   and  have  much  the 
appearance  of  cryolite      The  mineml  wa«  Qnt  described  b;  Eaop,  and  thongh  his  deacripti(D 
of  the  ctystolH  does  not  o^ree  with  that  giren  above,  tbere  seenis  to  be  no  doabt  that  the 
tnaterial  was  the  same,  which  has  since  been  investigati  d  by  Hsgemann  [dimetrie  pathnMite 
—thoTiuenoiUe).  Wiihler  {pyreamHe)  and  Scenig,  as  Q^rd  b;  the  Latter. 

Knop  criginidlf  described  two  varieties  of  the  mineral,  to  which  be  j^ve  the  name  pncbno. 
lite.  The  Tariety,  A,  appeared  in  larg«,  cnboidal  crystals,  with  cleavnge  pknes  parallel  to  tlie 
faces,  intersecting  at  an{[lea  of  approzimatel;  W .  These  cleavage  planes  seeined  to  be  con- 
tinned  on  into  the  mass  of  the  cryolite  on  whicb  the  crystals  were  implanted.  The  sO'-ond 
variety,  B.  was  in  Small  brilliant  cxyitals,  ct  prismatic  form,  grouped  together  often  in  par- 
iiUel  position  npon  the  cryolite  (hence  the  name,  from  rixni,  fivit).  The  identity  of  the  two 
varieties  chemically  was  shown  by  the  analyses  of  Enop  and  Wubler,  The  crystals  of  variety 
B,  aocording  to  Knop,  had  /a  /=  81°  24'   etc 

Enop  has  recently  (Jahrb.  Kin.,  1876,  849)  mggested  the  poasibillty  that  the  crystab  of 
"  cryolite,"  npon  which  Websky  obtained  the  angles  qnotad  on  the  preceding  page,  were  really 
identical  with  variety  A  of  paiAnob'te.  The  aryitellographio  i:elntioa  of  the  two  specios  is  not 
yet  clearly  made  out 

Arebutttr.  HxaBXASinTB.  QKAKxeDTrra,  all  from  Greenland  ;  and  FaoBoriTR,  from 
Altenbeig. — Fluorine  minerala.  related  to  thoaa  which  pieeede,  bat  whose  exact  nature  ie 
not  yet  k 
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V.  OXYGEN  COMPOUNDS. 


1.  OXIDES  OF  Metals  or  thb  Gold,  Ibon,  ob  Tis  Gbodts. 

A.  ANHYDROUS  OXIDES,      (a)  Pbotoxidm,  RO(or  B,0). 

UUFUim.     Bad  Ooppw  On.    BotUcn^uen,  Otfrm. 

Isometric  (see  Sgnrea  on  p.  17).      Cleavage:  octahedral.      Sometiinea 
cnbea  lengthened  into  capillar}'  forms.     Also 
Ml  massive,  granular;  sometimes  earthy. 

H.=3-5^.  a=5-85-«-15.  Lustre  ada. 
mantine  or  Bubmetallic  to  earthy.  Color  red, 
of  various  shades,  particiilai-ly  coehineal-rcd  ■, 
occasionall;  crimson-red  bv  transmitted  light 
Streak  several  shades  of  brownish-red,  shin 
ing.  Subtranspareiit — siibtranslucent.  F'^o 
ture  conchoidal,  uneven.    Brittle. 

Oomp.,  V»r.— Co,0=Oiygfen  11-2,  copper  88-8=100 

SometimeB  affords  traoes  of  ieleniam.     CAalcotriehit* 

is  a  variety  which  occnra  in  capillary  or  Bcicular  oryB- 

tallizatioiiB,  wbiob  are  cnbei  elongaUd  in  the  diiection 

of  the  octahedral  axis.      It  also  ocoms  cartby;    lilt 

Ore   (Ziegelsii  Oerm.).     Brick-ied   or  reddish-btovD 

and  earthy,  often  mixed  with  r«d  oxide  of  iron ;  lome- 

timea  uenrJy  black. 

Pyr.,  etc — Unaltered  In  the  dosed  tabs.     B.B.  in  the  forcepa  taget  and  colors  the  flame 

emerald-green;  if  preTionalj  moiat^ned  with  hydrochlorio  acid,  the  color  imparted  to  the 

flame  i>  momentarily  Bmre-Uue  from  copper  chloride.     On  charcoal  fiist  blackena,  thenfaws, 

and  is  rednced  to  metallio  copper.     With  the  floxes  {fires  reactions  for  copper  oxide.     Solnb^ 

in  coDcentruted  hydrochlorio  acid. 

Obs._-Oociirs  in  Thnriogia ;  on  Elba,  in  cubes  ■  In  Comwall ;  in  Devonshire ;  in  isolated 
rryFitala,  in  lithomar)^,  at  Ghos^,  near  Lyons,  which  are  generally  coated  with  malachite. 
(to.  At  the  Somernlle,  and  Flemin^ton  copper  mines,  N.  J.  ;  at  Comwall,  Lebanon  Go., 
Pn. ;  In  the  Lake  Snperior  r^on, 

UTDBOCUPniTE  (OtntA). — A  hydrona  cuprite.  Occnra  in  orange-yellow  coatiDg*  on 
I'l'-^etite.     Comwall,  Lebanon  Co.,  Fa. 

ZINOmi.    Bed  Zino  Or^.     Bothxinken,  Oerm. 

Ilcwagonal.  Oa1=  118°  7';  c  =  1-6208.  Inquartzoidsw-itli  tmncated 
summits,  and  prismatic  faces  T.  Cleavage:  basal,  eminent;  prismatic, 
sometimes  distinct.  Usual  in  foliated  grains  or  coarse  particles  and  masses ; 
also  grannlar, 

H.=4-4-fi.  G.=5-43-5-7.  Lustre  siibadaraantiue.  Streak  orange-jel- 
low.  Color  deep  red,  also  orange-yellow.  Translucent — subtranslucent. 
Fracture  snbconchoidn.l.     Brittle. 

Oomp.— ZnO=Ox^en  10-74,  dno  80-30  =  100;  oontaining  manganese  t*  an  nnessentU 
ingredient.  The  red  color  is  due  probably  to  the  presenoe  of  manganese  sesquiozidc,  oor- 
tauily  not  to  ■oales  of  hematite. 
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PyTi,  etc  —Heated  In  the  cloaed  tube  bUokeiu,  bat  cm  oooUng  reanmee  the  orig^na]  ccdor. 
B.B.  infiuib.e-  with  the  fluxes,  on  the  platiniun  win,  nvee  reaotions  f ai  mangKiieBe,  and  oa 
ohkroool  in  K.  F.  g^vea  a  coatin(f  of  line  oxide,  yellow  while  hot,  and  white  on  oooling.  The 
ooating,  moiateDi^  with  cobalt  Bolntion  and  treated  in  R.P.,  annmet  e  green  color.  SolnbU 
In  acids  without  efCerresReDce. 

Obi. — Occnra  with  franklinlte  and  also  with  oalcite  at  Stirling  Hill  and  Mine  HilL  fliiwriT 
0»y  N.  J. 

Calcozincite.— Impnie  dadte  (mixed  with  CsCO.,  etc.).    Stirling  Hill,  K.  J. 

^ENORITB.*  Helacokite.     SohwaRknpfeTeix  (Knpfeischwane),  Oerm, 

Ortliorliombic  (tenorite),  crjatala  from  Veanviiia.  Earthy;  massive; 
pulverulent  (inelacouite) ;  also  in  shining  flexible  scales ;  also  rarelj  in 
cubes  with  truncated  angles  (psendomorpHous  i). 

H.=3,  G.=6'25,  massive  (Whitney).  Lustre  metallic,  aJid  color  steel  or 
iron-gray  when  in  thin  scales  ;  dull  and  earthy,  with  a  black  or  grajish- 
black  cdlor,  and  ordinarily  soiling  the  fingers  when  massive  or  pulverulent^ 

Oomp.— CnO=Oiygen  S015,  copper  79-85  =  100 

Pyr.,  etc.— B. B.  jnO.F.  infusible;  other  reactions  as  for  ouptite  (p.  £44).  Solnble  in 
hjdiochioric  and  nitrio  acidt. 

Oba. — Foand  on  lara  at  Temvins  in  minnte  scales ;  and  also  pnlvemtent  (Scaochi,  who 
uses  the  name  melaoonise  for  the  mineral).  Common  in  the  earth;  form  {mtia«onite)  aboat 
copper  mines,  as  a  resnlt  of  the  decompintion  o(  chnlccpyrite  and  other  copper  ores.  Dnck- 
town  minca  in  Tennessee,  and  Keweenaw  Point.  L.  Superior. 

FERicL.AgiTa. — Enentiallj  magnesiom  oxide,  HgO,  or  mote  exactly  (Ug,Fe)0,  when 
Hg :  Fe  =  20  :  1,  or  SO  :  1.     Ht  Somma. 

BmaBHTTB, — NiO.  Found  at  JohanugeoiBeiistadt.  The  oomponnd  MnO  has  bean  fbond 
reoently  in  Wcrmland,  in  masses  of  a,  green  color,  and  with  cubic  cleavage.  See  mangBno- 
Hite,  p.  4;{1. 

Habhicot  (BlelglStte).— PbO,  hot  gtaeTalty  impure.  BadenwelleT,  Baden.  Hexiwt. 
AnstJD's  minea,  Ta, 

HTDRAROTitrrE.— HgO ;  with  Bobdohttk,  AgCl  +  HgCl.  atLosBordoa,  OhiU. 


{h)  SEsgrioziDBB.    Qknzrai.  Fobkula  fK)^ 
OORDNDUM.* 

Khombohedral.  BAli  =  86°i',  Oa1(^  =  122' 26' 
idiarof) ;  c  =  1'363.  Cleavtee:  basal,  some- 
timofi  perfect,  but  interrnptea,  commonly  im- 
perfect in  the  blue  variety;  rhombohedral, often 
perfect.  Large  crystals  iiaiially rongh.  Twins: 
com  position -face  if.  Also  maBgive  granular  or 
impalpable ;  often  in  layers  from  coinpOBition 
parallel  to  Ji. 

n.=9.  G.=3-909-4-16.  Lustro  vitreous; 
HOmctimes  pearly  on  the  basal  ]>lancs,  and  occa- 
sionally exhibiting  a  bright  opalescent  star  of 
ei.v  rays  in  rho  direction  or  the  axis.  Color  blue, 
■fld,  yellow,  brown,  gray,  and  nearly  wlite; 
streak  nncolored.  Transparent — translucent. 
Fracture  conchoidal  —  uneven.  Exceedingly 
tongh  when  compact. 

Oomp.,  Tar.— Pare  alnmina  AH)i=0x7gMi  K'S,  alnmtnam  B8'S=10D.     Tharo 
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DE8C11IPTIVE  MIXKRALOOY. 


■abdiyiBioxiB  of  the  species  promtncntlj  recognized  in  the  arts,  and  nntil  eatly  In  this  oentaxy 
regarded  as  distinct  species ;  bnt  which  actually  differ  only  in  parity  and  state  of  orystalliia- 
tion  or  stmeture. 

Var.  1.  Sapphire — ^Includes  the  purer  kinds  of  fine  colors,  transparent  to  translucent, 
Ddeful  as  gems.  Stones  are  named  according  to  their  colors  ;  true  Ruby^  or  Oriental  Euby^ 
red ;  0   'foprui,  yellow  ;  0.  Emerald,  green  ;  0.  Amethyst^  purple. 

2.  Corundum. — Includes  the  kinds  of  dark  or  dull  colors  and  not  transparent,  colors  light 
blue  to  gray,  brown,  and  black.  The  original  adamantine  spar  from  India  has  a  dark  gray- 
ish smoky-brown  tint,  but  greenish  or  bluish  by  transmitted  light,  when  translucent,  and 
either  in  distinct  crystals  often  large,  or  cleavable-massive.  It  is  ground  and  u^ed  as  a  polish- 
ing material,  and  being  purer,  is  superior  in  this  respect  to  emery.  It  was  thus  employed  in 
ancient  times,  both  in  India  and  Europe. 

8.  Emery,  Schmirgel,  Oerm. — Includes  granular  corundum,  of  black  or  grayish-black 
color,  and  contains  magnetite  or  hematite  intimately  mixed.  Feels  and  looks  much  like  a 
black  fine-grained  iron  ore.  which  it  was  long  considered  to  be.  There  arc  gradations  from  the 
evenly  fine-grained  emery  to  kinds  in  which  the  corundum  is  in  distinct  crystals.  This  last 
is  the  case  with  part  of  that  at  Chester,  Massachusetts. 

l?yr,y  etc. — B.B.  unaltered  ;  slowly  dissolved  in  borax  and  salt  of  phosphorus  to  a  dear 
glaas,  which  is  colorless  when  free  from  iron  ;  not  acted  upon  by  soda.  The  finely  pulverized 
mineral,  after  heating  with  cobalt  solution,  gives  a  beautiful  blue  color.  Not  acted 
apon  by  acids,  but  converted  into  a  soluble  compound  by  fusion  with  potassium  bisulphate 
or  soda.  Friction  excites  electricity,  and  in  polished  specimens  the  electrical  attraction  con- 
tinues for  a  considerable  length  of  time. 

"DUEL — Distinguished  by  its  hardness,  scratching  quartz  and  topaz  ;  its  infusibility  and  its 
high  specific  gravity. 

Obs. — This  species  is  associated  with  oiystalline  rocks,  as  granular  limestone  or  dolomite, 
gneiss,  granite,  mica  slate,  chlorite  slate.  The  fine  sapphires  are  usually  obtaii^ed  from  the 
beds  of  rivers,  either  in  modified  hexagonal  prisms  or  in  rolled  masses,  accompanied  by  grains 
of  magnetic  iron  ore,  and  several  species  of  g^ms.  The  emety  of  Asia  Minor,  according  to 
Dr.  Smith,  occurs  in  granular  limestone. 

Sapphires  occur  in  Ceylon ;  the  East  Indies  ;  China.  Corundum,  at  St.  Gothard  ;  in  Pied- 
mont ;  Urals :  Bohemia.  Emery  is  found  in  large  boulders  on  some  of  the  Grecian  islands  ; 
also  in  Asia  Minor,  near  Ephesus,  etc.  In  N.  America,  in  Mngsachvsetis,  at  Chester,  corun- 
dum and  emery  in  a  laige  vein;  also  in  Westchester  Co.,  N.  Y.  In  JVew  York,  at  Warwick 
and  Amity.  In  Pennsylvania,  in  Delaware  Co.,  and  Chester  Co.  In  western  If,  Carolina, 
at  many  localities  in  large  quantities,  and  sometimes  in  crystals  of  immense  size.  In  Georgia, 
in  Cherokee  Co.  In  California,  in  Los  Angeles  Co. ;  in  the  gravel  on  the  Upper  Missouri 
Hiver  in  Montana. 


'BENLATTTB.    Specular  Iron.    Eisenglanz,  Botheisenerz,  Oerm. 

Ehombohedral.  ^A^  =  86°  10',  (9a^  =  122°  30';  c  =  1-3591. 
^  A  f  2  =  118*'  53',  (?  A  1»  =  103°  32,  ^  A  f  2  =  154°  2\  Cleavage :  pfir- 
ftUel  to  Ji  and  0;  often  indistinct.     Twins:  twinning-plane  li ;  also  O 
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Vesuvius. 


Elba. 


Elba. 


(f.  267, p.  91).  Also  colnmnar — granular,  botryoidal,  and  stalactitic  8hai)eft  , 
also  lanxellar,  laminae  joined  parallel  to  Oj  and  variously  bent,  thick  ^^ 
thin ;  also  granular,  friable  or  compact 
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H.=:j5*6-6*5.  G.=4'5-5-3;  of  some  compact  varieties,  as  low  as  4*2 
Lnstre  metallic  and  occasionally  splendent ;  sometimes  earthy.  Color  dark 
steel-gray  or  iron-black ;  in  very  thin  particles  blood-red  by  transmitted 
light ;  when  eaitliy,  red.  Streak  cherry-red  or  reddish-brow j.  Opaque, 
exc^t  when  in  very  tliin  laminae,  which  are  faintly  translucent  and  ulood- 
red.  Fracture  subconchoidal,  uneven.  Sometimes  attractable  by  the 
magnet,  and  occasionally  even  magnetipolar. 

Oomp.,  Var. — Ixom  sesqaiozide,  FeOi=Oxyg«ii  30,  izoQ  70=100.     Sometdmes  ooQaunli]|i 

titanium  and  magneaiiun. 

The  varieties  depend  on  textnze  or  state  of  aggregation,  and  in  some  cases  the  presence  v ' 
imparities. 

Var.  1.  Sf>e€ular.  Lnstre  metallic,  and  crystals  often  splendent,  whence  the  name  ipeeiUar 
iron,  {b)  When  the  strocture  is  foliated  or  micaceous,  the  ore  is  caUed  micaceous  bematito 
(Eisenglimmer).  2.  Compact  columnar  ;  or  fibrous.  The  masses  often  long  radiating ;  lustre 
submetaUic  to  metallic ;  color  brownish-red  to  iron-black.  Sometimes  called  rtdnematiU^ 
the  name  hematite  among  the  older  mineralog^ts  including  the  fibrous,  stalactitic,  and  other 
solid  massive  varieties  of  this  species,  limonite,  and  tuigite.  8.  Red  Oc/ireous.  Bed  and 
earthy.  Often  specimens  of  the  preceding  are  red  ochreous  on  Kome  parts  lieddle  and  red 
cfialk  are  red  ochre,  mixed  with  more  or  less  clay.  4.  Clay  Iron-atone  ;  Art/Ulaceous  liemaUte, 
Hard,  brownish-black  to  reddish-brown,  heavy  stone ;  often  in  part  deep-red  ;  of  submetaUic 
to  unmetallic  lustre  ;  and  affording,  like  aU  tiie  preceding,  a  red  streak.  It  consists  of  iron 
sesquioxide  with  clay  or  sand,  and  sometimes  other  impurities. 

Pyr.,  etc.— B.B.  infusible;  on  charcoal  in  E.F.  becomes  magnetic;  with  borax  inO.F. 
gives  a  bead,  which  is  yeUow  while  hot  and  colorless  on  cooling ;  if  saturated,  the  bead 
appears  red  while  hot  and  yellow  on  cooling ;  in  B.F.  gives  a  bottle-green  color,  and  if  treated 
on  charcoal  with  metallic  tin,  assumes  a  vitriol-green  color.  With  soda  on  charcoal  in  B.F. 
is  reduced  to  a  gray  magnetic  metallic  powder.     Soluble  in  concentrated  hydrochloric  acid. 

Diff. — Distinguished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water ;  from  turgite  by  its  greater  hardness  and  by 
its  not  decrepitating  B.B.     It  is  hxird  ;  and  infutible, 

Obs. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to  crya- 
taUine  or  metamorpliic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes,  aa 
at  Vesuvius.  Traversella  in  Piedmont ;  the  island  of  Elba,  afford  fine  specimens ;  also  St. 
Oothard,  often  in  the  form  of  rosettes  {Eisenrose ,  and  Cavradi  in  Tavetsch ;  and  near  Limoges, 
France.  At  Etna  and  Vesuvius  it  is  the  result  of  volcanic  action.  Arendal  in  Norway,  hcmg' 
ban  in  Sweden,  Framont  in  Lorraine,  Dauphiuy,  also  Cleator  Moor  in  Cumberland,  are  other 
localities. 

In  JV.  America^  widely  distributed,  and  sometin^^  in  beds  of  vast  thickness  in  rocks  of  the 
Archaean  age.  as  in  the  Marquette  region  in  northern  Michigan ;  and  in  Missouri,  at  the  Pilot 
Knob  and  the  Iron  Mtn. ;  in  Arizona  and  New  Mexico.  Some  of  the  localities,  interesting 
for  their  specimens,  are  in  northern  New  York,  etc.;  Woodstock  and  Aroostook,  Me.;  at 
TLawley.  Mass.  ;  at  Piermont,  N.  H. 

This  ore  affords  a  considerable  portion  of  the  iron  manufactured  in  different  countries.  The 
varieties,  especially  the  specular,  require  a  greater  degree  of  heat  to  melt  than  other  ores, 
but  the  iron  obtained  is  of  good  quality.  Pulverised  red  hematite  is  employed  in  polishing 
luetais,  and  also  as  a  coloring  material  The  fine-grained  massive  variety  from  England 
(bloclstone  ,  showing  often  beautiful  canchoidal  fracture,  is  much  used  for  burnishing  metala. 
Red  ochre  is  valuable  in  making  painl 

Martite  is  iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or  dodeoa- 
hedron^s  like  magnetite,  and  supposed  to  be  pseud omozf^ous,  mostly  after  magnetite.  H.  = 
6-7.  G.  =4  809-4-832,  BrazU,  Breith. ;  5*33,  Monroe,  N.  Y.,  Hunt.  Lustre  submetaUia 
Color  iron-black,  sometimes  with  a  bronzed  tarnish.  Streak  reddish-brown  or  purplish-brown. 
Fracturf>  conchoidal.  Not  magnetic,  or  only  feebly  so.  The  crystals  are  sometimes  imbed- 
ded in  the  massive  sesquioxide.  They  are  distinguished  from  magnetite  by  their  red  streak, 
and  \ery  feeble,  if  any,  action  on  the  magnetic  needle. 

Fonnd  in  Vermont  at  Chittenden;  in  the  Marquette  iron  region  south  of  L.  Superior; 
Bass  lake,  Canada  West ;  Digby  Neck,  Nova  Scotia ;  at  Monroe,  N.  Y. ;  in  Moravia,  neai 
Bchonberg,  in  granite. 

MENAOOANITE.*  Ilmenife.     Titanic  Iron  Ore.     Titaneisen,  Oetvi, 

Rlicmbohedral ;  tetartohedral  to  the  hexagonal  type.    H  aR  :=  85**  80 
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56"  (Koksch.),  c  =  1*38468.     Angles  nearly  as   in   hematite.      Ofteii    a 

cleavaee  parallel  with  the  terminal  plane,  but 
probably  Que  to  planes  of  composition.  Crystals 
usually  tabular.  Twins:  twinning-plane  (?; 
sometimes  producing,  when  repeatea,  a  rfonn 
resembling  f.  468.  Often  in  thin  plates  or 
lamina) ;  massive ;  in  loose  grains  as  sand. 

H.=5-6.  G.=4'5-5.  Lustre  submetallic. 
Color  iron-black.  Streak  submetallic,  powder 
black  to  brownish-red.    Opaque.     Fracture  con- 

choidal.   Influences  slightly  the  magnetic  needle. 

Oomp.,  Var. — (Ti, Fe)«Os  (or  hematite,  with  part  of  the  iron  replaced  by  titaniiim),  the  pro 
portion  of  Ti  to  Fe  varying.  Mosander  assiimes  the  proportion  of  FeO  :  TiOs  to  be  always 
1:1,  and  that  in  addition  variable  amonntB  of  FeOs  are  present  in  the  different  varieties. 
The  extensive  investigations  of  Bammelsberg  have  led  him  to  write  the  formula  like  Mosan- 
der (FeO^TiO+nFeOs  (notice  here  that  FeO,TiOa=iK)i).  This  method  has  the  advantage 
of  explaining  the  presence  of  the  magnesium,  occurring  sometimes  in  considerable  amount,  it 
replacing  the  iron  (FeO).  The  first  formula  given  requires  the  assumption  of  Mg^Oi.  Friedel 
and  Guerin  have  recently  discussed  the  same  subject  (Ann.  Oh.  Phys.,  V.,  viii,  38,  1876). 

Sometimes  contains  manganese.  The  varieties  recognized  arise  mainly  from  t^e  proportions 
of  iron  to  titanium.    No  satisfactory  external  distinctions  have  yet  been  made  out. 

The  foUowing  analyses  wiU  illustrate  the  wide  range  in  composition : 


TiOj  FeOt  FeO  MnO 

1.  nmenMts.,i&»w»«d  46-92  10-74  87-86  273 

2.  Snarum                      10-02  77*17  8-62     

3.  Warwick,  N.  Y.         57*71 26*82  0*90 


MgO 

1-14=99 -39,  Mosander. 

1-33,  AlO,  1  •46=98-50,  Eamm. 
13-71=»914,  Eamm. 


P3rr.,  etc. — B.B.  infusible  in  OF.  although  slightly  rounded  on  the  edges  in  R.  F.  With 
borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F.,  and  with  the  latter  liux  assumes  a  more 
or  less  intense  brownish-red  color  in  B.F. ;  this  treated  with  tin  on -charcoal  changes  to  a 
violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral, 
heated  ^ith  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  undecomposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blue 
or  violet  colcr.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphate. 

Di£E!. — Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak. 

Cbs. — Some  of  the  principal  European  localities  of  this  species  are  :  Kragerue,  Egersnnd, 
Arendal,  Norway;  XJdde walla,  Sweden  ;  tlmen  Mts.  {ilmenite) ;  Iserwiese,  Riesengebirge  (iser- 
ine) ;  Aschaffenburg ;  Eisenach ;  St.  Cristophe  (erichtonite). 

Occurs  in  Warwick,  Amity,  and  Monroe,  Orange  Co.,  N.  Y. ;  also  near  EdenviUe ;  at  Chea- 
ter and  South  Eoyalston,  Mass.  ;  at  Bay  St.  Paul  in  Canada ;  also  with  labradorite  at  Chateau 
Blither.    Qrains  are  found  in  the  gold  sands  of  California. 


PBROFSETTZL* 

Isometric,  Eose  (fr.  Ural\  Habit  cubic,  with  secondary  planes  incom- 
pletely developed ;  in  cubes,  octahedrons,  and  cubo-octahedrons,  from 
Arkansas.  Twins:  twinning-plane  octahedral.  Magnet  Cove,  Ark.;  also 
L'ke  f.  276,  p.  93,  Achmatovsk.  Cleavage :  parallel  to  the  cubic  faces 
rather  perfect. 

ir.=5'5.     G.=4'02-4'04.      Lustre  metallic — adamantine.     Color  pale 
?6a1ow,  honey-yellow,  orange-yellow,  reddish-brown,  grayish-black  to  iron 
olack.    Streak  colorless,  grayish.    Transparent  to  opaque.     Double  refract- 
uig. 
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Oomp.^(Ca-t-Ti)0.=ftO,=Titanio  oxide 594,  lime 40*6=100. 

P3nr-i  etc. — In  the  forceps  and  on  chaiooal  infusible.  With  salt  of  phoephoms  in  O.F.  dis 
flolves  easily,  giving  a  bead  greenish  while  hot,  which  becomes  colorless  on  cooling;  in  B.F. 
the  bead  changes  to  grayish-green,  and  on  oooLmg  assumes  a  violet-blue  color.  Entizelj  de- 
oomposed  by  boiling  sulphuric  acid. 

Ohs.— Occurs  at  Achmatovsk.  in  the  Ural  ;  in  the  valley  of  Z^nnatt  ;  at  Wildkreuzjoch 
in  the  Tyrol.     Also  at  Magnet  Cove,  Arkansas. 

DesCloizeaux  has  found  that  the  yellow  crystals  from  Zermatt  have  a  complex  twinned 
structure,  and  are  optically  biaxial  Eokscharof,  in  his  latest  investigations,  has  shown  that 
the  Russian  specimens  also  exhibit  phenomena  in  polarized  light  analogous  to  those  of  biaxial 
crystals,  though  irregular.  He  proves,  however,  that  crystallographically  the  ciystals  ex- 
amined by  him  were  unquestionably  isometric,  and  adds  also  that  almost  all  the  Russian 
perofskito  crystals  are  penetration-twins.  The  latter  fact  explains  the  commonly  observed 
striations  on  the  cubic  planes,  as  also  the  incompleteness  in  the  development  of  the  other 
forms.  He  refers  the  optical  irregularities  to  the  want  of  homogeneity  in  the  crystals.  Des- 
Cloizeaux speaks  of  indosed  lamellas  of  a  doubly-refracting  substance  analogous  to  the  para- 
site in  boradte  crystals  (p.  176). 

Htdbotitanitb.— A  decomposition-produot  of  perofskito  crystals  from  Magnet  Core, 
Arkansas.     Form  retained  bat  oolor  changed  to  yellowiih-gray  (Kcsnig). 


(c)  OoMPOUiiDs  OF  Pbotoxidbs  AND  Sbsquioxidbs,^  ItB04(or  RO  +  BO,). 

8pmd  Oroup.    Isometric  {Octahedral). 

SPINBIi. 

Isometric.    Habit  octahedral.    Faces  of  octahedron  sometimes  convex. 
Cleavacre :  octahedral.     Twins :  twinning-plane  1. 

H.=8.     G.=3'5-4"l.    Lnstre  vitreous ;  splendent —  ^j^ 

nearly  dull.  Color  red  of  various  shades,  passing  into 
blue,  green,  yellow,  brown,  and  black;  occasionally 
almost  white.  Streak  white.  Transparent — nearly 
opaque.     Fracture  conchoidal. 


Oomp.,  Var. — The  spinels  proper  have  the  formula  MgA104(=MgO 
+ AIO3),  or  in  other  words  contain  chiefly  magnesium  and  aluminum, 
with  the  former  replaced  in  part  by  iron  (Fe),  calcium  (Ca),  and  man- 
ganese (Mn) ;  and  the  latter  by  iron  (Fe).  There  is  hence  a  g^rada- 
don  into  kinds  containing  Uttle  or  no  magnesium,  which  stand  as 
distinct  species,  viz.,  HereynUe  and  Oahnite,  MgA104= Alumina 
72.  magncHia  28=100. 

Var.  1.  Ruby,  or  Magne$ia  Spint^.. — Clear  red  or  reddish;  transparent  to  translucent, 
sometimes  subtranslucent.  G.  =8 '52-3 '58.  Composition  MgArlGi,  with  Uttle  or  no  Fe,  ana 
sometimes  chromium  as  a  scarce  of  the  red  color.  3.  CeyioniU^  or  Iran-Magnesia  Spind, 
Color  dark -green,  brown  to  black,  mostly  opaque  or  nearly  sa  6.  =8 '5-3 '6.  CompoeitioD 
MgA10«  4-Fe.M04.  Sometimes  the  Al  is  replaced  in  part  by  Fe.  8.  Picotite.  Contains  over 
7  p.  c.  of  chromium  oxide.  Color  black.  Lustre  brilliant.  G.=4*08.  The  original  was 
from  a  rock  occurring  about  L.  Lherz,  called  LherzoliU. 

Pyr.,  etc. — B.B.  alone  infusible;  the  red  variety  turns  brown,  and  even  black  and 
opaque,  as  the  temperature  increases,  and  on  cooling  becomes  first  green,  and  then  nearly 
•olorless,  and  at  last  resumes  the  red  color.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  whUe  hot,  becoming  faint  chrome-green  on 

*  The  compounds  here  considered  are  sometimes  regarded  as  salts  of  the  acida,  HafiO^ 
that  is,  as  aluminate$,  ferrcUes,eiio, 
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cooling.  The  black  Tuistiea  giie  reMstdoiu  for  iron  with  the  flnzea.  Soluhlo  with  difflmltj 
in  ooDCentiated  mlphoiic  acid.     Deoomposed  bj  fusion  with  aodiom  oc  potassiiuii  bisnlphate. 

DiS. — Distinifimhed  b^  its  oot&hedial  forte,  hordneBs,  and  infnaibUity ;  magnetite  ii 
attracted  by  the  magnet,  and  EinMD  has  a.  higher  apeciSa  gravity. 

Obs — Spinel  occurs  imbedded  in  graaular  Uinestoue,  aod  with  oaIuit«  ID  aerpeDttne,  gneiM, 
nu'I  allied  racks.  It  also  occupies  the  cavities  of  massea  ejected  from  Bome  volcanoes,  eg. 
Mt.  tiomma. 

Fine  ppiuels  are  found  in  Cejlon;  in  Siam,  as  rolled  pebbles  in  Che  ohojmeli  of  rivera 
Oiicnr  at  AJcei  in  Sweden  ;  ako  at  Monioni  in  tbe  Faasatbal. 

From  Amit;,  N.  T.,  to  Andover,  X.  J.,  a  distance  of  about  30  miles,  ia  a  region  of  ^ranulat 
iiineaCone  and  serpentine,  in  which  localitiea  of  spinel  abooud ;  numerous  about  Warwick, 
aiid  at  Monroe  and  Cornwall.  Fnuiklin,  Sterling,  Bpaita,  Ha^iiburgh,  and  Vernon.  N.  J., 
ue  oUier  looalities.     At  Antwerp,  Jefferson  Co.,  N.  T. ;  at  Bolton  and  elsewhere  in  Man. 

Heuctnitic. — PeAIOi  (or  FeO+itlOi).     Color  black.     Masaive.     Bohemia. 

Jacowtb  {Damour). —RiiO.,  or  (Sin,Mg)  (J'e,Mii)0..  Color  deep  black.  Occurs  in  ilia- 
tortAd  octahedrons  (magnetic)  in  a  aryatallma  limeatone  at  Jooobsberg,  Bwedan. 


OABHITB.    Zino  Spinal. 

Xsoinetric.    Iii  octabedi-ons,  dodecaiiedroos,  etc.,  like  Bpiuel. 

H.=7'5-8.  G.  =4-4-6.  Liistro  vitreous,  or  somewhat  greasy.  Color 
dark  green,  grayisL-greeii,  deep  leek-gieen,  greeiiish-black,  blui&h-black, 
yellowish-  or  grayishHirown  ;  streak  grayish,     Subtraiisluceiit  to  opaque. 

Oomp.,  Var.— Zn7V10.=Alumina  01  -3,  oiide  of  aincSS?: 

The  line  sometimes  replaced  in  small  part  by  manganese  o: 
la  part  by  iron  (Pel. 

Vur.  1.  .dul0moU«4.  or  i^n«  (Ja/i'ti^;  with  sometimes  a  Uttle  iron.  Q.  =  4-!-l'0.  Colors  u 
above  given.  3.  ByetuiU,  or  Ziiut-Mangnnau-Iron  OaJinitt.  Composition  (Zn,Fe,Muj 
t^,Fe)Ob  Color  fell owiah- brown  or  gTayish-btowu.  0.=4-4'6.  Form  the  octahedron,  oi 
the  same  n-ich  truncated  edges.  <j.  Kreitl'miU,  or  Ziiir-[ron  Qahnite.  Composition  iZo. 
Pe,MK)(Al,FB,0>.  Occurs  in  crystals,  and  granular  roaaaivo.  H.=7-8.  0.=4-48-4-8» 
Color  velvet  to  greenish-black;  powder  grayish -green.     Opaqne. 

PyrT  etc — Gives  a  coating  of  line  o*ide  when  treated  with  a  mixtoie  ot  bomi  and  soda 
on  charcoal.     Otheru'ise  like  spineL 

Oba AaXotiuAite  is  found  at  Fnhlun,  Sweden ;  Franklin,  17.  Jeisey  ;  Canton  mine,  Ga. : 

Ds^uiU  at  Sterling,  N.  J.  ;  Kreittonite  at  Bodenmois  in  Bavaria. 


MAGN ±l'ri'i'±l.    Magnetic  Iron  Ore.     Uogneteiienstein,  Ungneteisenen,  Oerm. 
Isometric     The  octahedron  and  dodecahedrou  the  most  (K>muioii  forme. 


Aohiutovik;  Haddun. 

Fig.  475  is  a  distorted  dodecahedron.    Olearage :  octahedral,  perfect  tc 


OXTOSH  OOMPOUNDS. — ^AKHTBBOUB  0ZID£8.  273 

imperfect.  I>c«decahedi*al  faces  commonly  striated  parallel  to  the  longer 
diagonal.  Twin?:  twi^.*  'ng-plane,  1;  also  in  dendrites,  branching  at  angiea 
of  60"*  (f.  277,  p.  \fOj  Massive,  structure  granular — particles  of  various 
sizes,  sometimes  impalpable. 

H.=5'5-6-5.     G.=4*9~5*2.     Lustre  metallic — submetallic.     Color  irou 
black ;    streak  black.     Opaque ;    but  in  mica  sometimes  transparent  or 
nearly  so ;  and  varying  from  almost  colorless  to  pale  smokv-brown  and 
black.     Fracture  subconchoidal,  shining.     Brittle.      Strongly   magnetic, 
sometimes  possessing  polarity. 

Comp.,  Var.— FeFe04  (or  Fet64)=FeO+FeO«=: Oxygen  27*6,  iron  73-4=100 ;  or  iron  sea- 
qnioxide  68*97,  iron  protoxide  31  03= 100.  The  iron  sometimes  replaced  in  smaUpartby 
magnesinm.     Also  aometimefl  titaniferons. 

From  the  normal  proportion  of  Fe  to  Fe,  1  :  1,  there  is  occasionaUy  a  wide  variation,  and 
thus  a  gradual  pasroge  to  the  sesqnioxide  FeOs ;  and  this  fact  may  be  regarded  as  eviduuce 
that  the  octahedral  FeOs,  martite^  is  only  an  altered  magnetite. 

Pyr.,  etc. — B.  B.  very  difficultly  fusible.  In  O.  F.  loses  ita  influence  on  the  ma^r.^^t.  With 
the  fluxes  reactd  like  hematite.     Soluble  in  hydrochloric  add. 

Diff. — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  weU  as  by  its  high  specific  gravity.  Also,  when  massive, 
by  its  black  streak  from  hematite  and  limonlte. 

Obs. — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  metamor- 
phic  rocks,  though  found  also  in  grains  in  eruptive  rocks.  In  the  Archssan  rocks  the  beds  are 
of  immense  extent,  and  occur  under  the  same  conditions  aA  those  of  hematite.  It  is  an  ingre- 
dient in  most  of  the  massive  variety  of  corundum  called  emery.  The  earthy  magnetite  ia 
found  in  bogs  like  bog-iron  ore. 

Extensive  deposits  occur  at  Arondal,  Norway  ;  Dannemora  and  the  Taberg  in  Smaoland ; 
in  Lapland.     Fahlun  in  Sweden,  and  Gornica,  afiFord  octahedral  crystals. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archsoan,  in  the  Adirondack  region,  in 
Northern  N.  York ;  also  in  Canada ;  at  Cornwall  in  Pennsylvania,  and  at  Magnet  Cove, 
Arkansas.  Also  found  in  Putnam  Co.  (Tilly  Foster  Mine),  N.  Y.,  eta  In  Cann.y  at  Haddam. 
In  Penn.,  at  Chester  Co.  ;  in  mica  at  Pennsbuiy.  In  California^  in  Sierra  Co. ;  in  Plumaa 
Oo.,  and  elsewhere.     In  if.  BooUa^  Digby  Co.,  Nicholas  Mt. 

Maoksbiofb&ritb  ipuigncfmrite). — MgFe04.  In  ootahedrons;  resembling  magnetito 
Vesuvius. 

FRANK  LINITB. 

Isometric.  Habit  octahedral.  Cleavage:  octahedral,  indistinct.  Also 
massive,  coarse  or  fine  granular  to  compact. 

H.=5'5-6-5.  G.=5'069.  Lnstre  metallic.  Color  iron-black.  Streali 
dark  reddish-brown.  Opaque.  Fracture  conchoidal.  Brittle.  Acts  slightl,^ 
on  the  magnet. 

Oomp. — (Fe,Zn,Mn)  (Fe,MD)04f  or  corresponding  to  the  general  formula  of  the  spmui 
group,  though  varying  much  in  relative  amounts  of  iron,  zinc,  and  manganese.  Analysis^ 
SterUog  mil.  N.  J.,  \  FeO,  «7-42,  AlO,  0-65,  FeO  15  05,  ZnO  6-78,  MnO  9'53=10012,  Seyms 
Q.  ratio  for  B  :  ft=l  :  1  nearly.  In  a  crystal  from  Mine  ffill,  N.  J.,  Seyms  found  4*44  p.  c. 
MnOi. 

The  evolution  of  chlorine  in  the  treatment  of  the  mineral  is  attributed  by  v.  KobeU  to  the 
presence  of  a  Uttle  MnOs  (0.80  p.  o.)  as  mixture,  which  Rammelsberg  observes  may  have 
come  from  the  oxidation  of  some  of  the  protoxide  of  manganese. 

Pyr.,  etc. — B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  amethystine  bead  (man« 
ganese),  and  in  R.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish -green  man- 
ganato,  and  on  charcoal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marked  when  a 
mixture  of  borax  and  soda  is  used.  Soluble  in  hydrochloric  acid,  with  evolution  of  a  small 
Amount  of  chlorine. 

Diff. — Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet ;  it  also  t<9aoti 
for  line  on  charcoal  B.B. 

18 


274  DBaOBtPTITB   laHERALOOT. 

Oba. — Ooccra  Id  onbio  arTrtats  neKr  GIbaoh  In  ITaMsa ;  in  unorphoaB  msBMi  at  Alto&bric 
near  All  la  Chapelle.  Abaodimt  at  HambuTK,  N.  J.,  near  the  Franklin  fnniMe;  ■!•»  ■! 
Scirilng  Hill,  in  the  same  legion. 

OHHOMI'XU.*  Ohnnnla  Iron.    Ghroioeiaenitein,  0«nn. 

Uometric.  In  octahedrons.  Commoiily  maseive ;  Btructnre  finogrnriii 
lar  or  compact. 

H.=6-5.  G.=4-321-4-568.  Lustre  aubmetallic.  Streak  brown.  Ojlor 
betwceu  iron-black  and  brownish-black.  Opaqne.  Fracture  uneven. 
Brittle.    Sometimes  magnetic 

Oomp.— FoeiO,,  or  (Fe.Ug.Cr)  (M.Fe,6r)0,.  FeeiOi= Iron  protoxide  33.  chromiiun  aea- 
qnloxide  68=100.     Magnesia  is  generall;  present,  and  in  amount*  vaiying  from  S-24  p.  a 

Pjrr.,  oto. — B.B.  in  O.F.  inforiblo ;  in  R.F.  Blightly  rounded  on  the  <^gfla,  and  becomes 
ma^etic  With  borax  and  salt  of  phosphanu  gires  beads,  vhich,  while  hot,  show  only  ■ 
reaction  for  iron,  but  on  oooling  become  cbrome-grean ;  the  green  color  is  heightened  bv 
fusion  on  ohorcoal  with  metallic  tin.  Not  acted  upon  bj  acids,  but  deoompoeed  bj  fusirn 
with  potaBsiom  or  sodiom  bisnlphate. 
,       QifC, — DiBtingnished  from  magnetite  by  the  reaction  for  chromic  odd  ^th  the  blowpi|)e. 

Ob*. — Oocnrs  in  serpentine,  forming  Teins,  or  in  Imbedded  maasea.  Itanisb  in  giving  tbt 
variegated  color  to  Te^e-antiqae  marble.     Also  oooars  in  meteorites. 

Oocors  in  Syria ;  Shetland ;  in  Norway  -,  in  the  Department  da  Tar  in  Fnuoe ;  in  Siloiilii 
■nd  Bohemia ;  in  the  Urals ;  in  New  Oaledonio.  At  Baltimore,  Hd.,  in  the  Bare  BilU ;  hC 
Cooptown.  In  Pennsjlrania,  in  Chester  Co,  ;  at  Wood's  Mine,  near  Texaa,  Lancaster  Co. . 
etc.     Chester,  Mass.     In  California,  in  Montcrej  Co.,  etc. 

This  ore  affords  the  ohrominm  oxide,  used  in  palntii^,  eto.  The  ore  employed  in  Englsnd 
is  obtained  mostly  from  Baltimore,  Drontheim  in  Norway,  and  the  Shetland  Isles. 

OiiKOiiriixtTrrB  (Fetwsen).— A  magueEdau  ohromite.    Color  black.    New  Zealand. 


aKANQtrrB* (Pitchblende;  UranpeoheTi,    (7«rn).).— UiOi(nO,-)-3UOt).     Haariv*.    Blaok. 


OHRTSOBBRTI- 

Orthorhombio.    /a/=  ISQ'SS',  C»Al-t  =  129' 1';  c  :  X  :  d  =  1-2285  : 
2-1267:1.    i-lM  =  136''52',i-iA 
47fl  477  2-!  =  128°  52'.  i-i  A  1-t  =  120=  7'. 

Plane  i-l  vertically  striated ;  and 
sometimes  also  i-l,  and  other  verti- 
cal planes.  Cleavage :  1-E  quite 
distinct;  i-l  imperfect;  i-i  more 
80,  Twins:  twinniug-plane  8-t, aa 
in  f.  477  (sec  p.  97),  made  up  of  6 
parts  by  the  crosainj;  of  3  crystals. 
H.=8-5.  G.  =  3-5-3-S4.  tnatre 
vitreous.  Color  aspai-agns-green, 
Ale«ndrite.  .ffrass-green,  emeraM-ercen    greeiv 

ish-white,  and  yellowish-green, 
■omctimes  raspberry  or  columbine-red  by  transmitted  light.  Streak  nncol- 
ored.  Tmnspai-ent— tranalncent.  Sometimes  a  bluish  fpalescence  iotor 
nally.     Fi-actnre  conchoidal,  uneven 


Konrar,  Me. 


oxtuku  ooKPomma, — amhtdboub  ozmss.  275 

Tar.  1.  OrdtTiarjf. — Oolcw pala gTMO.  being oolorad  l^ iron.  0-.— 3.G07,  Haddam;  8*734, 
Sruil;  3080,  Uml,  Koae;  3-83S,  Orenbarfr,  Eokachorof.  2.  AUatavdrilt.—Goioi  emerald- 
Kieen.  bat  (Mjlnmbine-recl  by  transmitted  light.  0.^3-444,  msaji  of  reeiilts,  Koksohuof. 
Supposed  to  be  colored  b;  chiome.  Ciystals  often  very  large,  »nd  in  twuii,  like  f.  477, 
either  aix-sidcd  or  aiz-ntyed. 

Comp Be:V10,  =  Alumina  80S.  ginclna  19-8=100.     Iron  ii  alao  oftan  praaent,  tboagh  not 

in  tbe  tnnusparent  *arietie«.     iBomorphons  with  chiyBolite. 

Pyr.,  ttto. — B.B.  alone  oiuiltered-  vitb  sod*,  the  tnrfaoe  U  meielj  rendered  dnll.  Wilb 
boias  or  salt  of  phuaphoros  faaes  with  great  difflonlty.  With  oobalt  aolution,  the  powdered 
mineral  gives  a  bloish  color.     Not  act«d  upon  bj  adds. 

ms, — D'atingniahed  b;  ite  extreme  hardness,  greater  than  that  of  toptut :  Mid  iti  infoii 
bility ;  also  chamoteriied  by  its  tAbnlar  czjatallization,  in  coatrait  with  beirt 

Oba.— In  Brazil  and  oUo  Cejlon ;  at  Marcbeudorf  in  Moravia ;  in  the  XTrol ;  in  the  Hoomt 
ttw.,  Ireland;  at  Haddam,  Ot.  ;  at  Korway,  Xe. 

Wben  transparent,  and  of  snffldeat  aiie,  ohijeoberyl  is  ont  with  faoets,  uid  fonu  *  l)MSti> 
fnl  yellowiah-green  gem.     It  opalaaoent,  it  ia  luaallT  eat  «n  oaboekm. 


(d)   Dbctoxider,   RO^ 

Rutile  Orowp.     Tetragoncd, 

OASSITBHITB.    Tin  Stone,     mnnatoio,  Zinnen,  Qtnu 

Tetragonal.  (?Al.t  =  U6''  5';  c  =  0-6724.  lAl,  pyr.,  =  ISl*  40'; 
/a1  =  133'34';  l-iAl-i,  pjr.,  =  133°  31'.  Cleavage:  /  and  t-t  hardly 
distinct  Twins:  f.  478,  twinning-plane  1-t;  producing  often  ooinploir 
fomiB  throiigli  the  many  modifying  planes  ;  sometimcfl  repeated  parallel  to 
all  the  eight  planes  \-i;  also  f.  480,  a  met^cnic  twin.  Often  in  i-oniforin 
Ehapes,  structure  fibrons  divergent  j  also  massive,  graaolar  or  impalpable. 


H.=6-7.  G.=6'4-7*l.  Lustre  adamantine,  and  crystals  nsually  splen- 
dent Color  brown  or  black ;  eometimes  tqA,  gray,  white,  or  yellow. 
Streak  white,  grayish,  brownish.  Nearly  transparent — opaque.  Fracture 
Biibconchoidai,  uneven.     Brittle. 

Var.— 1.  Ordinnry,  Tin-shme.  In  aryrtals  knd  maasiTe.  G.  of  ordinary  oTTst.  0-06:  ol 
oolorlna.  from  Tipuani  B..  BoliviA,  0833,  Forbea.  2.  Wood  Tin  (HoU-Zinn,  Germ.).  I» 
botrroidal  aod  rndform  ah^ni,  ooneentrie  in  atmotan,  and  radiated  Abroiu  interaaUr 
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■tthonsh  very  oompsct,  with  the  ooIot  bmwniah,  of  mixed  ihodM,  looking  aomowhtit  like  dij 
wood  in  ita  ooloia.  G.  of  one  Twiety  &Ti\i.  dtraun  tin  ia  nothing  but  the  ore  in  the  staU 
of  Buid.  OB  it  ooours  along  the  beda  of  Btiennu  or  in  the  grnvel  of  the  adjoining  region. 
It  hse  been  deriicd  from  tiu  veins  or  rocka,  thiough  the  wear  and  decompoiition  of  the  roolca 
•nd  tranaportstion  by  water, 

Oomp SDO,  =  Tin  78-8,  oxygen  21-4^100. 

Fyr.,  etc.~B.  B.  alone  unaltered.  On  charcoal  with  node  reduced  to  metallic  lin.  Mid 
girea  a  irhite  coating.  With  the  fluxes  sometimea  givea  reactions  for  iron  and  manganeee. 
■nd  more  rareJy  for  tontalio  oxide.     Only  alightly  acted  npoo  by  ncids. 

Dl 9^ -Distinguished  by  ita  high  specific  gravity,  ita  infnsibility,  and  by  its  yielding  metallia 
tin  B.B.  from  aome  varieties  of  garnet,  sphalerite,  ^d  black  tourmaline,  to  which  it  has 
•ome  resemblanoe.     Speolfio  gravity  (U'O)  higher  than  tbai  of  rntilc  (4). 

Oba, — Tin  ore  is  met  with  in  veins  traveming  granite,  gneiss,  mica  schist,  chlorite  or  clkj 
whiat,  and  porphyry.  Oooate  in  Corawali;  in  Dcvonahire  ;  in  Bohemia  and  Saxony;  at 
Iilmoges  ;  also  in  Oalicia  ;  Oreenlaed  ;  Sweden,  at  Finbo  ;  Finland,  at  Pitkaranta.  In  tho 
E.  Indies ;  in  Tiotoria  and  Hew  South  Wales;  in  large  qnantitiea  in  Qneenaland.  InBolivia, 
8.  A. ;  in  Mexico. 

In  the  United  Statea,  rare;  in  ifairu,  at  Paris ;  in  If.  Ean^.,  atlifme;  in  Cal^cmia,  in 
San  Bernardino  Co. ;  in  idoAo,  near  Boonville. 


Tetragonal.  Oa1-*  =  147''  13i',  (J  =  0-6442.  lAl,  pyr.,  =  123°  Ti', 
/a  1  =  132°  20'.  Cleavage ;  /  and  i-i,  diBtiiict ;  1,  in  ti-aces.  Vertical 
planee  iiBuallj-  striated.  Crretals  often  acicnlar.  TwIiib  :  (1)  twinning-plane 
1-t  (see  p.  94).  (2)  Z-i,  making  a  wedge-shaped  crystal  coDBistiiig  of  two 
individualB.  (3)  l-i  and  Z-i  in  the  aame  crystal  (fr.  Magnet  Cove,  Heaeen- 
berg).     Ociiaaionally  compact,  masflive. 


6raveeHta,,Oa, 


IL=6-6'5.  G.=4'18-4*25.  Lustre  metallic-adamantiue.  Color  ir,d' 
dish-brown,  passing  into  red;  sometimes  yellowish,  blniah,  \tolet,  black ; 
rarely  grass-green.  Streak  pale  brown.  Subtransparent — opaque.  I'rac- 
turo  siioconchoidal,  uneven.     Brittle. 

Oomp.,  Var— Titanic  oxide,  Ti0i=0x7gen  39,  titanium  61^100.     Sometlidea  a  U<  tie  iroo 

Fyr.,  eto. — B.B.  infusible.  With  salt  of  phosphorae  gives  t,  colorleas  bead,  whioh  in  B  F 
iBumee  a  violet  color  on  ooolli^.  Host  varietiea  contain  iron,  and  give  a  brownish -yellow 
or  red  head  in  R.F.,  the  violet  only  appearing  after  treatment  of  the  bead  with  metallic  Ho 
on  ohaicoal.  Insoiuble  in  acida ;  made  eolable  by  fusion  with  an  alkali  or  alkaline  carbonate. 
The  solution  containing  an  excess  of  acid,  with  the  addition  of  tin-foiL  give*  ■  b  ""  ' 
■ttfet-ootor  when  concentrated. 
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DIfL  Oharaoterized  bj  its  peoaliar  sab-adamantine  lostre,  and  brownish-iod  color.  Diffen 
riom  ^  armaline,  vesnYianite,  augite  in  being  entirely  unaltered  when  heated  alone  B.& 
&ltecJl<  gravity  about  4,  caasiterite  6*5. 

Ob;i.-  -Ratile  ocoors  in  graiiite,  gneiss,  mioa  slate,  and  syenitic  rooks,  and  sometimes  in 
{^ranalp/V  limestone  and  dolomite.  It  is  geaerally  found  in  imbedded  orystals,  often  in  masses 
of  qcartz  or  feldsi)ar,  and  frequently  in  acicular  oiystalB  penetrating  quartz.  Very  commonly 
implanted  in  regular  position  upon  ciystals  of  hematite,  as  from  Cavradi  in  the  TaYett-ohthal. 
Occurs  in  Norv^ay ;  Finland  ;  Saualpe,  Carinthia;  in  the  Urals ;  in  the  l^yrol ;  at  St.  Gothard 
near  Freiberg  ;  at  Ohlapixm  in  Transylyania. 

InMainSy  at  Warren.  In  Vermont,  at  Waterbury  and  elsewhere.  In  Mom.^  at  Barre. 
Shelbume;  Sheffield.  In  Gonn.^  at  Lane^s  mine,  Monroe.  In  N.  York,  in  Orange  Co. ; 
Edenville;  Warwick.  In  Penn,^  Chester  Co.  In  N.  Gofr,^  at  Crowder*s  Mountain.  ,  Li 
Georgia^  in  Habersham  Co.  ;  in  Linooln  Co.,  at  Graves'  Mountain.  In  Arkans(U^  at  Magnet 
Cove. 

Titanium  oxide  is  employed  for  a  yellow  color  in  pftlwting  poroelain,  and  also  for  giving  th« 
requisite  tint  to  artifidal  teeth. 
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OOTAHBDR^nS.*  Anatase. 

Tetragonal.     O ^\4  =  119^  22';  <?  =  1-77771.     Commonly  octahedrai 
or  tabular.    1  A 1,  pyr.,  = 
97**  51'.    /Al  =  158»18'.  484 

Cleavage :   1  and  O,  per- 
fect. 

lI.=5-5-6.  G.=3-82- 
3*95 ;  sometimes  4'11-4'16 
after  heating.  Lustre 
metallic-adamantine.  Col- 
or various  shades  of  brown,  passing  into  indigo-blue, 
and  black ;  greenish-yellow  by  transmitted  li^ht. 
Streak  uncolored.     Fracture  subconchoidal.    Brittle. 

Oomp. — Like  rutUe  and  brookite,  pure  titanic  oxide. 

Pyr.,  etc. — Same  as  for  rutile. 

Obs. — Abundant  at  Bourg  d^Oisans,  in  Bauphiny ;  also  in  the  Bin- 
nentbal (including  here  Kenngott*s  wiserirui,  t  484,  as  shown  by  Klein,  Jahrb.  Min.,  1875, 
337);    at  Pfitsch  Jooh,  Tyrol -near  Hof  in  the  Fiohtelgebirge ;  Norway;   the  Urals;  in 
Devonshire,  near  Tavistock ;  at  Tremadoc,  in  North  Wales ;  in  (k>mwall ;  in  Brazil  in  quartz. 
In  the  U.  States,  at  Smiihfield,  E.  L 

HAn8KANNrrB.~Mns04=2MnO,MnOs.     Tetragonal,  0  A  !-»=  130*"  25\     Color  brownish- 
black.     Thuringia ;  Hiurz,  etc. 

Braunitb.— 2(2MnO,MnOi)+MnOs,8i09.     Tetragonal,    OAl-ft=185*  26^      Color  dark 
brownish-black.    Thuringia :  Norway,  eta 

MiNicTM  (Menzdge,  G^dmiw).— PbtO«=FbOi+2PbO.    BadenweOttr ;  Wythe  Ca,  Va.,  etc. 


Orthorhombic  (?).  /a/=99-  60'  (-100»  60'):  C>Al-5  =  13r  42'; 
i  :  J  :  d{  =  1-1620  : 1-1883  : 1.    Cleavage :  /,  indistinct ;  (9,  still  more  so. 

H.= 5-5-6.  G.=412-4-23,brookite;  4-03-4085, arkansite.  Hair-brown, 
vcllowish,  or  reddish,  with  metallic  adamantine  lustre,  and  translucent 
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(brookite);  aUo  irco-black,  opaqne,  and  snbmetallio  (srtnmeite). 
uDcolorea— grayish,  yellowiBli.     Brittle. 


Ooffip.^PDTe  titanic  oxide,  TiOi,  like  mtile  and  octahedrito. 

Pyr^  etc. — ^me  ha  for  rutile. 

Obi Brookite  occarn  at  Bon^  d'Oiaans  in  Danphinj ;  at  St.  Qothard ;  in  the  Dnla,  near 

Hlaak  ■  in  thick  black  cn^atali  [ariiaTuiU  1. 480)  at  Ma^iet  Oove,  Ark«n«ai,  tometimeB  alteied 
to  nitile  hj  paramoiTAiim  ;  at  EUenville,  UlBterCo.,  N.  T. ;  at  Puis,  Maine. 

Schrsof  ha£  announced  (Atlas  Min.,  Beich.  IV.}  that  he  has  fonnd  brookite  to  be  monoditiie 
(and  iBomoiphous  with  wolframite).  He  distingniahea  three  types  hii*ing  different  tudol 
nlationa.  The  measaremeDts  ol  t.  Bath,  however,  aeem  to  Bhov  that  in  part  it  mnat  bo 
orlhoTRimMe. 

EuuAmTE. — From  Chetterfleld,  Mom.,  m^  be  identical  wltli  bnxUte. 
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PYROLU  tUTU.*  Polianite. 

Orthorhombic.    /A/ =93°  40',  OAi-i  =  142»  11';  6:1 :  d  =  0-776  i 
3-066  :  1.     Cleavage  /and  i-i.    AUo  columnar,  often 
■tSO  divergent;  also  gi-anular  inaeaive,  and  freqiientlj'  iu 

'    ■"—<(' Jv  renifonii  coats.     Often  soils. 

N-O^  n.=2-3-5.     Q.=4-82.     Turner,      Lustre  iiietallic 

Color  iron-black,  dark  steel-gray,  soinetimea   bluish. 
I       '  I       Streak  black  or  bluish- black,  eumctiinos  Bubmotallie. 
^^       Opaque.     Rather  bnttla 

Oomp.— MnO,=HanBtuieee 633,  ox^Ken 3a'8=10a 

Pyr.,  etc. — B.B.  alone  infoaible  ;  on  cliarcoal  loses  oxygen,  k.  man{[aneae  reaction  witk 
boEax.     ASorcB  chlorine  with  hydrochloric  acid. 

JUS, — HardiietH  Iehs  than  that  of  psilomelane.  Diffen  from  iron  ores  in  its  roactioD  foi 
manganese  B.  B.  Easily  diatingniahed  from  peilomelane  by  its  inferior  hardness,  and  asually 
by  being  crystalline . 

Oba.—Ocoiirs  extensively  at  Elgfereberg  near  Qmecan  in  Thnrinffin ;  at  Vorderohrensdorf  in 
Moraiiai  at  Flatten  in  Bobemia,  and  einewhcre.  Occurs  in  the  UntCt^d  StatCK  iu  Vermont, 
at  Brandon,  etc. ;  at  Conway.  Hass. ;  at  Winoherter,  *4.  H. ;  at  Soliitbur;  and  Kent,  Conn. 
In  Ualifomia,  on  Red  ialaud,  bay  of  San  Fraocdsoa.  In  New  Brunswick,  ueor  Bathniit.  In 
KoTS  Scotia,  at  Walton  ;  Picton.  etc, 

Pyrolnaite  and  manganite  are  the  most  important  of  the  ores  of  numgnnese.  Pymluaiu 
parts  with  ita  oxygen  at  a  red  heat,  and  ia  extensively  employed  for  discharging  the  browa 
and  yreen  tints  of  gloss.     It  hence  received  its  name  from  irvfi,  Jtr«,  end  Avu.  to  utiwL 

GMSDKERn'B.-.-CniUn^,,  orUCuO+2U40i.     Foliated.    Color  blook.     ThariDpa, 
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TUUCffTB. 

Compaet  fibroiu  aud  divergent,  to  mnseive;  often  botrvoidal  aud  Bt«> 
Uctitic  like  liinonite.     Also  eartliv,  as  red  ticlire. 

H.=5-6.  G.=3-56-3-74,  froui  Ural;  4-29-i-49,  fr.  Hof;  4-6S1,  fr. 
lloiliaiisen ;  4-14,  fr.  Salisbnrv.  Lustre  giibiiKtallii:  and  somuwliat  satia- 
like  ill  tl>e  direction  of  the  fibrous  stnictiirej  also  dull  vtirthv,  0»loF 
reddUli-black,  to  dark  red ;  biiylit-red  wbeu  cartliy ;  botryoidal  surface 
often  lustrous,  like  much  limouite.     Opaque. 

Comp^H,F«.0>  =  Ir<m  nsqnioxide  M-7,  water  S'3=100. 

Pyr.,  etc.— Heiled  in  m  cloMd  tube,  fliea  to  piecea  in  a  lenutrkkble  mBnner  ;  yield*  w«tW. 

Otherwise  like  hemstiU. 

Difi. — Uif  liniicuuhed  from  hematibe  and  limouite  bj  itB  aupeiior  haidneas,  the  color  of  it* 
■treak,  aDd  B.B.  its  decrepitation. 

Ob*.— A  very  (.-ommon  ore  of  iron.    Oucnn  at  tbe  Tur^nak  copper  mine  oeu  Boa^onk. 
In  the  Ural ;   near  Hot  in  Bavaiia,  and  Siegen  i    "        '         ■   ~    ■ 
oooon  M  Saliabutj,  Ct. 


1  Pnusia :  at  HoThauaen.    In  Uteu.  S.  U 
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Ortborhombic.       /a/=93°    42J',    OAl-t=147'*    12i' 
0-64425  :  1067  ;  1.      *4Al-J  =  121''  7i',    ^■lA^^l  =  10i' 
14i'.   i-lAl  =  116°  54i'.     Crystals  uBiially  tida,  flattened 

garallel  to  i-i;  soinetiinea  acicnlar;  commonly  implanted, 
leavagc :  i-l  eminent;  i-3  less  perfect.     Occnrs  foliated 
massive  and  in  thin  scales ;  aoinctinies  stalactitic. 

II.  =  6-i>-7.  G.=3-3-3'5.  Lnstrc  brilliant  and  pearly  on 
tileavime-face ;  elsewhere  vitreous.  Color  wlntidh,  ^rsvisb- 
while,  iri«L'iiish-irraj',  hair-brown,  yellowish,  to  colorlens; 
sometimes  vioIet-I>Iue  in  one  dirertion,  reddish  plunib-blue 
in  another,  and  jmle  usparagiis-ereen  in  a  third.  When  lliin, 
tranetuuent — snbtrunslucent.     Very  brittle. 

Oomp — H,A10,=Alaniina  851,  water  140=100  ;  a  little  pholphoruk 
pentozide  is  often  pnsent. 

Pyr.,  Bic. — In  the  cloiiad  tnbe  daorepitntea  strongly,  eeparntinif  into  pnnrly  whito  aoalea. 
nnd  at  a  liigh  tcmpemture  yields  wLit«r.  Tbe  variety  from  Schcmniti  docx  not  deccepltatn. 
Intus'ble  ;  with  cob^t  solution  giye»  a  deep  blae  uolor.  Some  (nriatiea  react  for  iron  with 
tbe  diiien.      ^ot  aCtorked  by  acids,  bnt  after  ignition  heiximes  aolnble  in  KUlpbario  acid. 

DiS. — Dii<tin)riiiHhed  (B.B.I  by  ilJ>  decrepitation  and  yielding  water  |  oh  alno  by  the  roaotiun 
for  alumina  witb  cobalt  (olntion.     Beaeiobles  some  variatie*  of  hombleiiila,  Imt  in  liurilitr. 

Obs-^ljommoiily  found  with  corandnm  or  emery.  Uoouib  in  tbe  Urol;  at  KnbcinnitI, 
at  Broildbo  near  Fahlon;  in  Switzerland  ;  in  Asia  Minor,  and  tbe  Grecian  ielondi! ;  In  ChertM 
Co..  Pa.  ;  at  thg  emery  minea  of  Cheater,  Hom.  ;  K.  Carolina. 

IMiu/tari  was  named  by  HaQy  from  rlmoirf '/»,  to  ac«tt«c,  allbdiog  to  tiie  imul  deorepftallM 
bilore  th*  blowpipe. 


ntaOBIPTITB  WNERALOST. 


Q&THITB. 


Ordiorhomb'c  /a  /=  94"  52'  (B.  &  M.) ;  0  A  It  =  146"  33'  i  6:h:A 
=  0-66  ;  1'089  :  1.  tu  prisms  longitudinally  striated,  iind 
often  HatCeiicd  into  ecales  or  tables  pamllei  to  the  shorter 
diagonal.  Cleavage:  bi-achy diagonal,  very  pei-fect.  Also 
iibruiis;  foliated  or  iu  scales;  inaseive;  renifoim;  etalac- 
titic, 

H.^5-55.  G.=40— 4i,  Lustre  imperfect  adamantine. 
Color  yellowish,  reddish,  and  blaekiah- brown.  Oflen  blood- 
red  by  transmitted  light.  Streak  bro \vii is ii -yellow — ochre- 
yollow. 

Tar. — 1.  In  tbin  «ml«.like  or  labnlai  ctjBtnls,  osaallf  attached  by  one 
edge.  2.  In  lunoalar  oi  uspillai?  (not  fleiible)  cryEtaln,  or  Blender  prUms,  oftec  radiatalj 
groaped ;  the  Needle- iToialont  [Naddeiitnttein).  It  paasea  into  (S)  a  Tarie^  with  a  velvety 
Hoiface:  the  PrnbrarmU  {Sammelbieiidfj  of  Przilirain  ie  of  this  kind.  Other  varieties  are 
oolmiuiar  or  flbroiu,  aoalj-fibrouB.  or  feather/  colamDu;  oompact  massive,  with  a  flat  oou- 
ohoidal  frootnre  ;  and  aometimea  renifortn  or  stalactitio. 

Comp.— H,l^eO.=H,FeO,  +  aFcO,=Iron  Bcsqnioxide  899,  water  10'1  =  100. 

Pyr.,  etc.— In  the  closed  t.«be  givee  off  water  and  i«  converted  into  red  iron  wsqnioiide. 
Wilh  the  flnzea  like  bematit« ;  must  varieties  give  a  miuiganeae  reaotion,  and  aome  treat«d 
in  the  farcepa  in  O.F..  after  moistening  in  sulphario  acid,  import  a  bluish-green  color  to  the 
flame  (pboaphoric  ncid).     Soluble  in  hydrochlorio  ocid. 

Oba.—Found  with  the  other  iron  oxidep,  especially  hemntitB  or  limonite.  Oocorti  at  Eiset 
feld  ;  in  Nnssan ;  at  Zwickon  in  Saxony ;  in  Cornwall ;  in  Somersetshire,  at  the  Providenoe 
iron  mines.  In  the  TJ.  States,  near  Morqactte,  L.  Baperior ;  in  Penn,,  near  Boston;  in 
California,  at  Qnrns  Creek,  Mariposa  Co. 


HANOANITS. 

Orthorhombie.  7a  7=99'' 40',  0  A  1-5  =  147=  9f  ;  c  :  J  :  d  =  0-6465  : 
1-185  1 1.  Twins;  twinning-plane  l-l  (f.  296,  p.  96).  Cleavage:  i-i  very 
perfect,  I  perfect.  Crystals  longitndinally  striated,  and  often  grouped  in 
DundleB.    Also  columnar;  seldom  granular;  stalactitic.  '    * 

ll.=4.  G.=4'2-4"4.  Luitre  aiiumetallie.  Color  dark  steel-gray — iron- 
black.  Streak  reddisb-brown,  sometimes  nearly  bbuik.  Opaque;  minute 
splinters  aometimea  bi"own  by  transmitted  light.     Fracture  uneven. 

Oomp.— H,MiiO,  =  H.MnOt4-SiifiiOi=Maiiganese  seaqnioxide  89*8  (=Hn  63'S,  O  27-8), 
mter  1013=100. 

Pyr.,  etc. — In  the  closed  tube  yields  water ;  otherwise  like  brannite. 

Obs. — Occurs  in  veins  travereiog  porphyiy,  at  Ilefeld  in  the  Han  ;  in  Tlioringia ;  TJndenaM 
in  Sweden ;  Christiansand  in  Norway ;  Cornwall,  at  varioas  placee ;  oUo  in  Cnmberlond, 
Devonahire,  eta  In  Nova  Sootia,  at  Cheverie,  etc.  In  New  Bmnawiolc  at  Shepody  monn- 
Wn,  Albert  Co.,  etc 


IJHOinTB.    Brown  Hematite.     Bmnneisenatein,  Oerm. 

Usnally  in  stalactitic  and  botryoidal  or  mammillary  forms,  having  a  flbrooi 
or  Bubfibi-oiis  Btructnre;  also  concretionary,  massive;  anit  otjcaeionaHj 
oartbv. 


OXYOBN   COMPOUNDS. — HYDROUS   OXIDES. 
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fl,=5~5'5.  Q.=8-6-4,  Lustre  silky,  often  submetallic;  sometimes  duU 
and  earthy.  Color  of  surface  of  fracture  various  sliades  of  bn^wn,  com- 
monly dark,  aud  none  bright ;  sometimes  with  a  nearly  black  varnish-like 
exterior ;  when  earthy,  brownish-yellow,  ochre-yellow.  Streak  yellowish- 
brown. 

Var.-  (1)  Com/pact.  Sabmetallic  to  sUkj  in  lustre :  often  stoloctitio,  botryoidal,  eto.  (2) 
OeJireaus  cr  earthj,  brownish-yeUow  to  oohre-yeUow,  often  impure  from  the  presence  of  olajf 
sand,  eta  (3)  Bog  ore.  The  ore  from  marshy  places,  generoUy  loose  or  porous  in  texture, 
often  petrifying  leaves,  wood,  nuts.  etc.  (4)  Brou)n  dtiy  ironstone,  in  compact  masses,  often 
in  concretionary  nodules,  having  a  brownish-yellow  streaJc,  and  thus  distinguishable  from  the 
clay-ironstone  of  the  species  hematite  and  siderite ;  it  is  sometimes  (a)  pi»fAUie,  or  an  aggre* 
gation  of  concretions  of  the  size  of  small  peas  (Bohnerz,  Germ. ) ;  or  {Jf)  oolitic, 

Comp. — H«Fej09=HflFeOe+FcOa=Iron  sesquioxide  85*0.  water  14*4=100.  In  the  bog 
ores  and  ochres,  sand,  clay,  phosphates,  manganese  oxides,  and  humio  or  other  acids  of  organio 
origin  are  very  common  impurities. 

Pyr.,  etc. — Like  gothite.  Some  varieties  give  a  skeleton  of  silica  when  fused  with  salt  of 
phosphorus,  and  leave  a  siliceous  residue  when  attacked  by  acids. 

DiS. — Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its  reac- 
tion for  water.     Does  not  decrepitate,  B.B.,  like  turgite. 

Obs. — Limonite  occurs  in  secondary  or  more  recent  deposit?,  in  beds  associated  at  times 
with  barite,  siderite,  calcite,  aragonite,  and  quartz  ;  and  often  with  ores  of  manganese ;  ^Isu 
as  a  modem  mar^h  deposit.  It  is  in  all  cases  a  result  of  the  alteration  of  other  ores,  through 
exposure  to  moisture,  air,  and  carbonic  or  organic  acids ;  and  is  derived  largely  from  the 
change  of  pyrite,  siderite,  magnetite,  and  various  mineral  species  (such  as  mica,  angite,  horn- 
blende, etc.  >,  which  contain  iron  in  the  protoxide  state. 

Abundant  in  the  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Conn.,  also 
in  the  neighboring  towns  of  X.  Y.,  and  in  a  similar  situation  north;  at  Richmond  and  Lenox, 
Biastt. ;  in  Vermont,  at  Bennington,  etc. 

Limonite  is  one  of  the  most  important  ores  of  iron.  The  pig  iron,  from  the  purer  varieties, 
obtained  by  smelting  with  charcoal,  is  of  superior  quality.  That  yielded  by  bog  ore  is  what 
is  termed  cdd  short.,  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 
the  manufacture  of  wire,  or  even  of  sheet  iron,  but  is  valuable  for  casting.  Tho  hard  and 
oompact  nodular  varieties  are  employed  in  polishing  metnllic  buttons,  etc 

Mrlanosi  DERITU. — Near  limonite,  but  containing  7*39  p.  c.  SiOs,  perhaps  as  an  imparity. 
Cooke  regards  it  as  a  very  basic  silicate  of  iron.     O.  =3*39.     Westchester,  Pexm. 

XANTnosiDKRrrE.— H4FeO,=FeO,  81*6,  HaO  18*4=100;  or  H«FeO«  (Ramm.).  In  iln€ 
needles.     Color  yellow,  brown.     Umenaa  ;  the  Harz. 

Beauxite. — Occurs  in  concretionary  grains.  Color  whitish  to  brown.  Composition  doubt- 
ful, perhaps  Al(Fe)Oi  ^2aq.  Beaux,  near  Aries,  France ;  near  LiUce  Wochein,  Styria  (lOoeM- 
nite) ;  French  Guiana. 


BRUorm.* 


Rhombohedral.      5a5  =  82**  22^',   (?a5=:119^  39*';   c  =  1-52078 
(Hessenberg).     Crystals  often  broad. tabular.     Cleavage :  basal,  eminent 
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Low's  Mine,  Texas. 


Wood's  Mine,  Texas. 


folia  easily  separable,  nearly  as  in  gypsum.     Usually  foliated   maaaua, 
Also  fibrous,  fibres  separable  and  elastic. 
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II. =2-6.  G.=2-35-2'44.  Lustre  pearly  on  a  cleavase-face,  elsewhere 
between  waxy  and  vitreous ;  the  fibrous  silky.     Color  white,  inclining  to 

fi*ay,  blue,  or  green.    Streak  white.    Translucent — subtranslucent.    Sectile. 
'hin  laminae  flexible. 

Comp. — HaMgOtri  Magnesia  69,  water  31=100. 

Var.— 1.  Foliated.    2.  Fibrous ;  called  nemaUte,  containing  4  or  5  p.  c.  of  FeO. 

Pyr.,  etc. — In  the  dosed  tube  gives  off  water,  becoming  opaque  and  friable,  someiimef 
turning  gray  to  brown.  B.B.  infusible,  glows  witii  a  bright  light,  and  the  ignited  mineral 
reacts  alkaline  to  test  paper.  With  oobidt  solution  gives  the  violet-red  color  of  magnesia. 
The  pure  mineral  is  soluble  in  acids  without  effervescence. 

Diff. — Distinguished  by  its  infusibility.     Differs  from  talc  in  its  solubility  in  aci<ls. 

Obs. — Brucite  accompanies  other  magnesian  minerals  in  serpentine,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  Unst,  Shetland  Isles ;  in  the  Urals ;  at  Goujot  in 
France  ;  near  Filipstadt  in  Wermland.  It  occurs  at  Hoboken,  N.  J. ;  in  Richmond  Ca ,  N.  T. ; 
at  Brewster,  N.  Y.  ;  at  Texas,  Pa.  The  fibrous  variety  {nemaUte)  ocxmrs  at  Hoboken,  and 
at  Xettes  in  the  Vooges. 

OIBBSITB. 

Jilonoclinic  (DesCL).  In  small  hexagonal  crystals  wi'ih  replaced  lateral 
edges.  Pianos  vertically  striated.  Cleavage :  basal  or  0  eminent.  Occa- 
sionally in  lamello-radiate  spheroidal  concretions.  Usually  stalactitic,  or 
small  mammillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  structure  within. 

H.=2*5-3-5.  G.=2-3-2-4.  Color  white,  grayish,  greenish,  or  reddish- 
white  ;  also  reddish-yellow  when  impure.  Lustre  of  0  pearly ;  of  other 
faces  vitreous ;  of  surface  of  stalactites  faint.  Translucent ;  sometimes 
transparent  in  crystals.  A  stnnig  argillaceous  odor  when  bi*eathed  on. 
Tough.  . 

Var. — 1.  Inozystals:  the  OTigin&l  hydrart^^'^Uie.    2.  Stalactitic;  giblmte, 

Oomp.— H»AiO«=Alumina  65-5,  water  34  5=100. 

Pyr.,  etc. — In  tiie  closed  tube  beoomes  white  and  opaque,  and  3rields  water.  B.B.  infusible, 
whitens,  and  does  not  impart  a  green  color  to  the  flame.  With  cobalt  solution  gives  a  deep* 
blue  color.     Soluble  in  concentrated  salphuric  acid. 

DifiL  —Resembles  chalcedony  in  appearance^  but  is  Bofter. 

Obs. — The  crystallized  gibbsite  occuin  near  Slatoust  in  the  Ural;  at  Gumuchdagh.  Ai^ia 
Minor;  on  corundum  at  UnionviUe,  Pa.;  in  Brazil.  The  stalactitic  occurs  at  Ridimond, 
Mass.;  at  the  Glove  mine.  Duchess  Co.,  N.  Y.;  in  Orange  Co.,  N.  Y. 

Boee^s  hydrorgillite  (Urals,  1830)  is  identical  with  gibbsite  (Torrey,  1822),  and  must  receive 
this  name.  An  imcertain  mineral  from  Richmond  afforded  Hermann  38  p.  a  of  phosphoric 
add,  bu^-  o  phosphate,  if  it  really  occurs  there,  is  not  gibbsite. 

PT]iociiAOiTE.—H«Mn0a= Manganese  protoxide  70*8,  water  20*2=100.  Foliated.  Colur 
white.     Mine  of  Paisberg,  Filipstadt,  Sweden. 

HTDROTALCrrE  from  Snarum,  Norway,  and  Volknkrite  from  the  Urals,  contain  alumina, 
magnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtures,  containing 
brucite,  gibbsite,  ete.  HononiTE  from  Oxbow  and  Rossie,  N.  Y.,  is  a  similar  mineral 
derived  from  the  alteration  of  spinel.  Namaqualitb  {Church),  A  related  mineral;  fron 
Namaqualand,  So.  Africa. 


PSHiOBftZILANB.* 


Massive  and  botrjoidal.     Reniforin.     Stalactitic. 

H.=r5-6.     G.=3'7-4*7.     Lustre   submetallic.     Streak    brownish-blaok| 
ihining.     Color  iron-black,  ])a8sing  into  dark  steel-^rny.     Opaque. 
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Oomp. — Somewhat  doubtfoL  Contains  manganeae  oxide,  with  yaiying  amounts  of  biiyta. 
and  potash  (Uthia),  and  also  water.  General  formula,  aooording  to  Bammelsbeig,  B»Oi  =Bu 
+4])inOs,  where  B  is  Ka^.  Ba  or  Mn.  -  Analyses: 

O        MnO     BaO       K3O      H3O 

1.  Thuringen    11*43    05  76    1059     6-25    CuO  0-59,  CoO  0*79,  CaO  0*51=10()-7S 

Olsohewskj. 
2    llmenau        15-82    77*23      012      5*29     CaOO-91,  CuO  0-40=99-77  Clausbruoh. 

Pyr.,  etc. — In  the  closed  tube  most  Tarieties  yield  water,  aud  all  lose  oxygen  on  igmtion: 
with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  with  CTolution  ox 
chlorine. 

Ob.<). — This  is  a  common  ore  of  manganese.  It  occurs  in  Devonshire  and  Ck>mwall;  at 
Qefeld  in  the  Harz ;  also  at  Johanngeorgetistadt ;  Schneeberg  ;  llmenau ;  Siegen,  etc.  It 
forms  mammillary  masses  at  Chittenden,  Irosburg,  and  Brandon^  Yt. 


WAD. 

The  manganese  ores  here  included  occur  in  auiorplious  and  reniforiri 
masses,  either  earthy  or  compact,  and  sometimes  incrusting  or  as  stains. 
They  are  mixtures  of  difiFerent  oxides,  and  cannot  be  cunsioered  cliemical 
coinpounds  or  distinct  mineral  species. 

ir.=0-5-6,  G.=3-4-26 ;  often  loosely  aggregated,  and  feeling  very  light 
to  tlie  hands.     Color  dull  black,  bluish  or  brownish-black. 

Oomp.,  Var. — Perhaps  HaMnaOft=2Mn03+aq(Bammelsberg),  but  in  all  oases  mixed  with 
other  ingredients. 
Variebies  :  (A)  Manganesian ;  (B)  Gobaltiferous ;  (G)  Cupriferous. 

A.  Boo  Manoanese. — Consists  mainly  of  manganese  dioxide  and  water,  with  some  iroo 
aeequioxide,  and  often  silica,  alumina,  baryta. 

B.  AsBOLiTE,  or  Earthy  Cobalt,  is  wad  containing  cobalt  oxide,  which  sometimes  amonnti 
to  82  p.  c.     LithiopfioriU,  heterogemte,  and  rabdionile  belong  near  here. 

C.  Lampaditb,  or  Cupreous  Manganese.  A  wad  containing  4  to  18  p.  c.  of  copper  oxida, 
and  often  cobalt  oxide  also.     It  graduates  into  black  copper  (Melaconite).     G.  =3*  1-3*2. 

P3rr*,  etc.—  Wad  reacts  like  p^omelane.  Earthy  cobtUt  gives  a  blue  bead  with  salt  of 
phosphorus,  and  wheu  heated  in  B.F.  on  charcoal  with  tin,  some  specimens  yield  a  red  opaque 
bimd  (copper).  Cupreous  manganese  gives  similar  reactions,  and  three  varieties  give  a  Btrong 
tuau^auesc  reaction  with  soda,  and  evolve  chlorine  when  treated  with  hydrochloric  acid. 

Obs. — The  above  ores  are  results  of  the  decomposition  of  other  ores — partly  of  oxides,  and 
( urtiy  of  manganesian  carbonates.  Wad  or  bog  manganese  is  abundant  in  the  counties  of 
(Jol'jnibia  and  Dutchess,  N.  Y.  There  are  large  deposits  of  bog  manganese  at  Blue  Hill  Bay, 
Do\  er,  and  other  places  in  Maine. 

"EsLTthy  cobalt  occurs  at  Eiechelsdorf  in  Hesse;  Saalfeld  in  Thuringia;  at  Nertschinsk  in 
Siberia ;  at  Alderly  Edge  in  Cheshire. 

CnALCOPUANiTK. — Bhombohedral.  In  druses  of  minute  tabular  crystals  ;  also  in  stalooti* 
tic  aggregates.  H.=2-5.  G.-^SDOT.  Lustre  metallia  Color  bluish-black.  Analysis  gav* 
HnOu  59-94,  MnO  6  58,  ZnO  21*70,  FeO,  0  25,  H.O  ll-58=100-05.  Composition  2MiiOt+ 
( Mn,Zn)0  +  2an.  If  half  the  water  were  basic,  the  formula  might  be  written  2RMn03  H-aq, 
where  R  =  Mn,Zn  and  H^.  B.  B.  ly*comes  of  a  copper  color,  hence  the  name  (^aAxJs,  brasSj 
bronze,  and  q>cxiy(M),  to  appear).     Stirling  Hill,  Is.  J.     (Moore.) 
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S.  OXIDES  OF  Elements  of  the  Abssnio  and  Suupuub  Gboufs,  Sbbibb  II. 


VAIJEINllNITXI.    WeiBBpiesglaaezB,  Cferm, 

Orthorhombic.    /A  I  =  136**  58' ;  C>  A 14  =  105^  35' ;  c :  2  :  rf  =  3-5S68  : 

2*5365  : 1.  Often  in  fectangular  plates  with  the  latei-al 
edges  bevelled,  and  in  acicuTar  rhombic  prisms.  Cleav- 
age :  I,  highly  perfect,  easily  obtained.  Also  massive ; 
structure  lamellar,  columnar,  granular. 

H.=:2-5-3.  G.=5-566,  crystals  from  Brfiunsdorf. 
Lustre  adamantine,  i-i  often  pearly ;  shining.  Ct»lor 
snow-white,  occasionally  peach-blossom  red,  ana  ash-gmy 
to  brownish*  Streak  white.  Translucent — subtrans* 
parent. 

Oomp.— Sbs0s=0z7]err4i  16*44,  antiinonj  88*56=100. 
Ob«. — Found  at  Przibram  in  Bohemia ;  at  FelBobuiya  in  Hnngaiy ; 
BxSonsdorf  in  Saxony.     Also  at  Sonth  Ham,  Canada  East. 

SENABMONTiTE.'^Same  composition  as  tJie  above,  but  crystallizes  in  isometric  octahe- 
drons.    G.  =5*2-5-3.    Pemeck,  Hungary ;  Cornwall;  Haraclas  in  Algeria ;  S.  Ham,  Canada. 

CLAUDETrrE ;  Arsbnolite. — Both  AsaOi.  The  lormcr  is  orthorhombic,  the  latter  iso- 
metria  They  thos  correspond  to  the  two  forms  of  SbaOs  (see  above).  ClaudeUte  (6.  =3*85) 
occurs  in  thin  plates  at  the  San  Domingo  mines,  Portugal  AraenoUte  {(j[,=^'iSQii)  occwn 
usually  in  capillary  crystals,  also  stalactitic ;  earthy.  Andreasberg ;  Joaohimsthal ;  Corn- 
wall ;  Ophir  mine,  Nevada ;  California. 

BiSMiTE  (Wifimnthocker,  (?tfn/i.). — Bi«Oi.  Occurs  massive,  earthy.  Schneeberg;  Joachims 
thai;  Cornwall.     ExRELiNrrE.— 8BiO+BiS.    Massive.     Color  lead-gray.    G.  =6*66.     Sayo- 
dinsk  mine  in  the  Altai 

HoLTBDiTE  (Molybdonocker,  Oerm.). — Composition  MoOs.  In  radiated  crystallizations,  as 
an  inoruatation,  etc.  Occurs  with  molybdenite.  At  Westmoreland,  New  Hampshire ;  Chester, 
Penn. ;  Virginia  City,  Nevada.     Ilsbhannite,  near  the  above.     Bleiberg.  Carinthia. 

TuNOSTiTB. — ^WOs.  Pulverulent  and  earthy.  Cornwall;  Monroe,  Ct.  Metmacitb 
(Camot). — A  hydrated  tungstite.     Meymac,  Correze. 

KsBMRSFTB  (Antimonblende,  Germ.). — Composition  SbsSsO=2Sb'iSs+SbaOs.  In  capiUazy 
oystals.     Color  cherry-red.     Brauusdorf,  Saxony;  AUemont;  South  Ham,  Canada  East. 

Okbyantitb.— Sb09=Sb80s+Sb30».  Color  yeUow.  Results  from  alteration  of  ttibnitei 
■|win ;  Tuscany ;  Hungary,  eta ;  South  Ham,  Canada. 


8.  OXIDES  OF  THE  Oakbon-siltoon  Group,  Sebies  II. 


QUARTZ.^ 


Rhombohedral,  and  for  the  most  part  hcmihedral  to  the  rhombohedran 
(or  tetartohedral  to  the  hexagonal  prism),  i?  A  j^  =  94**  15',  0  A  i?  =  128' 
13';  c  =  10999.  iA2-2  =  142° 2',  li ^  -l,ov,i,  =  103° 34',  ^ A  -1,  adu 
==  133°  44',  R  A i,  ov.  2-2,  =  113°  8'.  Cleavage :  R,—l,  and  i  very  iudi- 
tinct:  sometimes  effected  by  plunging  a  heated  crystal  in  cold  water. 
Crystals  sometimes  very  shc>rt,  but  general  habit  prismatic ;  the  orystalfl 


exrmm  ocncporKiie— «LiOJL 


3S5 


mnidi  elongated,  Bomedmc5s  fine  acicular;  iisnally  implanted  hy  one 
ertremitr  oi  the  prism.  Prismatic  faces  i  comraonl  v  striated  horisontalty, 
oud  thus  distinguishable,  in  distorted  cn'stals,  from  tlie  pyramidal.  Orv%* 
tale  often  grouped  by  juxtaposition,  not  proper  twins.  Fi^cnjucntly  in  racli- 
ated  masses  with  a  surface  of  pyramids,  or  in  druses  having  a  surface  <A 
pyramids  or  short  crystals.  Twins :  twinning>plane,  (1),  tlie  l>asal  plant 
O  (f .  50f») ;  very  generally  penetration-twins,  as  illustrated  in  f.  205,  p.  8^. 
(2)  The  pyramid  1-2,  truncating  the  edge  between  -h  A*  and  —  A\  divei^not 
of  axes  84''  S3'     Other  methods  of  twinning  rare,  parallel  to  u  to  JSy  to 
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i^,  etc.  fJenzsch).     Also  in  pseudo-trillings  on  caloito,  witli  2-'J  as  tho 
approximate  twinning-plane  (see  f.  336,  p.  101). 

Massive;    coarse    or  fine  granular   to  flint-liko   or   crypto-crystallitio 
Sometimes  mammillary,  stalactitic,  and  in  concretionary  forms. 


504 


605 


006 


IL=7.  Q.=2*5-2-8;  2*6413-2-6541  (Bendant).  Lustre  vitreous,  som^ 
times  inclining  to  resinous  ;  splendent — nearly  dull.  Colorless  when  pure : 
often  various  shades  of  yellow,  red,  brown,  green,  blue,  bluck.  8trcnU 
wliiie,  of  pure  varieties;  if  impure,  often  tho  same  as  tho  color,  but  tnuch 
paler.  Transparent — opaque.  Fr«cture  perfect  ccjnchoidal — subcouclioi* 
dal.     Tough— brittle — friable.    Polarization  circular,  see  pp.  142-144. 
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Oomp.^Purf)  wflioa,  or  Si09=Ox7gen  53 '3o,  silicoD  4G'67=:100.     In  massive  varieties  of! 
mixed  with  a  little  opal-silica.     Impure  varieties  contain  iron  i^csquioxide,  calcium  carbonate, 
olaj,  Band,  and  various  minerals. 

var. — 1.  Crystallized  (phenocrystalline),  vitreous  in  lustre.  2.  Flint-like,  massive,  or  czyp- 
(ocryBtalline.  The  first  division  inclHdes  all  ordinary  vitreous  quartz,  whether  having  crya- 
talline  faces  or  not.  The  varieties  under  the  second  are  in  geneml  acted  upon  somewhat  morf 
by  attrition,  and  by  chemical  agents,  as  fluohydric  acid,  than  those  of  the  firut.  In  all  kindii 
tnade  np  of  layers,  as  agate,  snooessive  layers  nre  unequally  eroded. 

A.    PnBKOCRYBTALLIKE  OR  VlTRKOVS  VaRTF.TIKS. 

1.  Ordinary  Cn/stitllized  ;  Jioek  Crystal  Golm/css  quartz,  or  nearly  so,  whether  in  dia- 
tinot  crystals  or  not. 

2.  Aftteridted;  iStar  quartz  (Stemquartz,  Germ.),  Containing  within  the  crystal  whttiah 
or  colored  radiations  along  the  diametral  planes. 

3.  Amethystine;  Amethyst  Clear  purple,  or  bluish* violet.  The  color  is  supposed  to  be 
due  to  manganese. 

4.  So96.  Rose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive,  and  then 
osaally  much  cracked.  Lusize  sometimes  a  little  greasy.  Fuchs  states  that  the  color  ia  due 
to  titudc  oxide.     It  may  come  in  part  from  manganese. 

6.  Tdkno ;  False  Topaz,  Yellow  and  pellucid,  or  nearly  so;  resembling  somewhat  yellow 
bopai,  but  very  different  in  crystallization  and  in  absence  of  cleavage. 

6.  Smoky  ^  Caimgarm  Stone.  Smoky -yellow  to  smoky-brown,  and  often  transparent ;  but 
varying  to  biownish-black,  and  then  nearly  opaque  in  thick  crystals.  The  color  is  due  to 
organic  compounds,  according  to  Forster. 

7.  MUkj/.  Milk-white  and  nearly  opaque.  Lustre  often  greasy,  and  then  called  Qreasy 
quartz. 

8.  CVi^tf  i^yd  (Katzenauge,  G'^m. ).  Exhibiting  opalescence,  but  wiihout  prismatic  colors, 
an  effect  due  to  fibres  of  asbestus. 

9.  Aventurine.     Spangled  with  scales  of  mica  or  other  mineral. 

10.  Impure  from  the  presence  of  distinct  minerals  distributed  densely  through  the  mast. 
The  more  oommon  kinds  are  those  in  which  the  impurities  are  :  {a)  fcrntginovs^  either  red  ox 
yellow  iron  oxide ;  {b)  ehloritic,  some  kind  of  chlorite ;  (c)  actinoUtic  ;  (d)  micaceous  ;  (e)  are- 
naceoiu,  or  sand.  Quartz  crystals  also  occur  penetrated  by  various  minerals,  as  topaz,  corun- 
dum, chrysoberyl,  garnet,  different  species  of  the  hornblende  and  pyroxene  groups,  rutile, 
hematite,  gothite,  etc.,  etc. 

Containing  liquids  in  cavities.  These  liquids  are  seen  to  move  with  the  change  of  position 
of  the  crystal,  provided  an  air- bubble  be  present  in  the  cavity.  The  liquid  is  either  watei 
(pvze,  or  a  mineral  solution),  carbon  dioxide,  or  some  petroleum-like  or  other  compound. 

B.  CRYFTOCRYSTALLmE  VARIETIES. 

1.  Ohaieedony.     Having  the  lustre  nearly  of  wax,  and  either  transparent  or  tmn&locent 
Ck^lor  white,  grayish,  pale-brown  to  dark-brown,  black  ;  tendon-color  common  ;  sometimes  deli- 
oate  blue.     Also  of  other  shades,  and  then  having  other  names.     Often  mammillary,  botryoi* 
dal,  stalactitic,  and  occurring  lining  or  filling  cavities  in  rocks.     It  is  true  quartz,  with  some 
disseminated  opal. 

2.  Carnelinn.  A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish-red  to  brown, 
the  latter  kind  reddish- brown  by  transmitted  light. 

3.  Chrysoprase.  An  apple-green  chalcedony,  the  color  due  to  the  presence  of  nidkel 
oxide.  • 

4.  Prase,  Translucent  and  dull  leek-green  ;  so  named  from  rrftSam-^  a  leek.  Always  regarded 
as  a  stone  of  little  value.     The  name  is  also  given  to  crystalline  quartz  of  the  name  color. 

5.  Plasma.  Bather  bright-green  to  leek-g^een,  and  also  sometimes  nearly  emerald -green, 
and  eubtransluoent  or  feebly  translucent ;  sometimes  dotted  with  white.  Nel-iotropc,  or 
Bbod^tonCy  is  the  same  stone  essentially,  with  small  spots  of  red  jaspf^r,  looking  like  drops  of 
blood. 

6.  Agate.  A  variegated  chalcedony.  The  colors  nre  either  banded  or  in  clouds,  or  due  to 
visible  impurities,  a.  BandetL  The  bands  arc  delicate  parallel  lines,  of  white,  tendon-like, 
wax-like,  pale  and  dark-brown,  and  black  colors,  and  sometimes  bluish  and  other  shades. 
They  follow  waving  or  zigzag  courses,  and  are  occasionally  concentric  circular,  as  in  the  eye- 
agate.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  having  been  formed  by  a 
iepoeit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks,  snd 
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deriving  tlieir  ooncentrio  waving  coarses  from  the  irregolarities  of  the  walls  of  the  cavi^ 
Owing  also  to  the  unequal  porosity,  agates  inay  be  varied  in  color  by  artificial  means.  /?.  Jfr 
regiUariy  clouded.  The  colors  various,  as  in  banded  agate,  y.  CoLors  due  to  visible  iinpuriUei^ 
Including  Moss-agate^  filled  with  brown  moss-like  or  dendritic  forms  distributed  through  the 
mass ;  Dendritic  Agate,  containing  brown  or  black  dendritic  markings.  There  is  also  Agaivud 
Wood :  wood  petrified  with  clouded  agate. 

7.  Onyx.  Like  agate  in  consisting  of  layers  of  different  colors,  but  the  layers  are  in  evca 
planes,  and  the  banding  therefore  straight,  and  hence  its  use  for  cameos,  the  head  being  cu4 
in  one  color,  and  another  serving  for  the  background.  The  colors  of  the  best  arc  perfeotij 
well  defined,  and  either  white  and  black,  or  white,  brown  and  black  alternate. 

8.  Sardonyx.  Like  onyx  in  structure,  but  includes  layers  of  camelian  (sard)  along  witk 
others  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

9.  Jatfp^.  Impure  opaque  colored  quartz,  (a)  Red  iron  sesquioxide  being  the  coloring 
matter.  (6)  Brownish,  or  ochre-yellow^  colored  by  hydrous  iron  sesquioxide,  and  becoming  red 
when  so  heated  as  to  drive  off  the  water,  (e)  Dark-green  and  brownish-g^een.  {d)  Grayish- 
blue,  [e)  Blackish  or  brownish-black,  {f)  Striped  or  riband  jasper  (Bandjaspis,  Genn,)^ 
having  the  colors  in  broad  stripes,  {g)  Egyptian  jasper,  in  nodules  which  are  zoned  in  brown 
and  yellowish  colors.  Porcelain  jasper  is  nothing  but  baked  clay,  and  differs  from  true  jasper 
m  being  B.B.  fusible  on  the  edges.  Jied  porphyry,  or  its  base,  resembles  jasper,  but  is  also 
fusible  on  the  edges,  being  usually  an  impure  feldspar. 

10.  Agate-Jasper.    An  agate  consisting  of  jasper  with  veinings  and  cloudings  of  chalcedony. 

11.  /Siliceous  sinter.  Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain- 
ing silica  or  soluble  silicates  in  solution.  - 

12.  If^lint  (Feuerstein,  Oerrn.).  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of 
dull  colors,  usually  gray,  smoky-brown,  and  brownish -black.  The  exterior  is  oltcn  whitish, 
from  mixture  with  lime  or  chalk,  in  which  it  is  imbedded.  Lustre  barely  glistening,  sub- 
vitreous.  Breaks  with  a  deeply  conchoidal  fracture,  and  a  sharp  cutting  edge.  The  tlint  of 
the  chalk  formation  consists  largely  of  the  remains  of  infusoria  (Diatomsj,  sponges,  and  other 
marine  productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceouB 
matter. 

13.  Ilornstone  (Homstein,  Ocrm.).  Resembles  flint,  but  more  brittle,  the  fracture  more 
spUntery.  Chert  is  a  term  often  applied  to  homstone,  and  to  any  impure  flinty  rock,  includ- 
ing the  jaspers. 

14.  Basanite,  Lydian  Stone  or  ToucJistone.  A  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  ani  black  color  for  trying  the  purity  of  the  precious  metala 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced  eye 
the  amount  of  alloy.     It  is  not  splintery  like  homstone. 

Pyr.,  etc. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  soda  dis- 
solves with  effervescence  ;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydrochlorio 
acid,  and  only  slightly  acted  upon  by  solutions  of  ^ed  caustic  alkalies.  When  fused  and 
cooled  it  becomes  opal-silioa.  having  G.  =2*2. 

Diff. — Quartz  is  distinguished  by  its  hardness — scratching  gloss  with  facility ;  infusibiHtp 
— not  fusing  before  the  blowpipe  ;  insolubUlty-^nol  attacked  by  water  or  the  acids ;  uncleav^ 
bility — one  variety  being  tabular,  but  proper  oleavage  never  being  distinctly  observed.  To 
these  characteristics  the  action  of  soda  B.B.  may  be  added. 

Ob3. — Quartz  occurs  as  one  of  the  essential  constituents  of  granite,  syenite.  gnei«s.  mien 
schist,  and  many  related  rocks  ;  as  the  principal  constituent  of  quartz-rock  and  many  sand- 
stones ;  as  an  unessential  ingredient  in  some  trachyte,  porphyry,  etc  ;  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins ;  as  a  foreign  mineral  in  the  cavities  of  trap, 
basalt,  and  related  rocks,  some  limestones,  etc. ,  making  geodes  of  crystals,  or  of  chalcedony, 
agate,  camelian,  etc.;  as  Imbedded  nodules  or  masses  in  various  limestones,  constituting  the 
flint  of  the  chalk  formation,  the  homstone  of  other  limestones — these  nodules  sometimes 
becoming  continuous  layers  ;  as  masses  of  jasper  oooasionally  in  limestone.  It  is  the  principal 
material  of  the  pebbles  of  gravel  beds,  and  of  the  sands  of  the  sea- shore  and  sand  beds  every- 
where. Silica  also  occurs  in  solution  (but  mostly  as  a  soluble  alkaline  Hilicute)  in  hf^ated 
natural  waters,  as  those  of  the  Geysers  of  Iceland,  New  Zealand,  and  California,  and  the 
Yellowstone  Park,  and  very  sparingly  in  iimny  cold  mineral  waters. 

Switzerland,  Dauphiny,  Piedmont,  tbe  Carrara  quarries,  and  numerous  other  foreign  locali- 
ties, afford  fine  specimens  of  rock  crystal.  Amethysts  are  brought  liom  India,  Ceylon,  and 
Persia,  also  Transylvania.  The  amygdaloids  of  Iceland  and  the  Faroe  islands,  afford  magni- 
ficent specimens  of  chalcedony ;  also  HUttenberg  and  Loben  in  Carinthia.  etc.  The  finest 
earnelians  and  agates  are  found  in  Arabia,  India.  Brazil,  Surinam.  Oberstein,  and  Saxony. 
Cdfs  q/e,  in  Ceylon,  the  coast  of  Malauar,  and  also  in  the  Han  and  Bavaria.  HeUotropty  !■ 
Uucharia,  Ta  Uuy,  Siberia^ 
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In  New  York,  qnartz  oiystala  are  abundant  in  Herkimer  Co.  Fine  dodecahedral  GryBtala, 
stthebedflof  specular  iron  in  St.  Lawrence  Co.  In  Antwerp,  Jefferson  Co.,  at  Diamoad 
island  and  Diamond  Point,  Lake  G^or^^e,  Pelham  and  Chesterfield,  Mass. «  Parix  and  Peny, 
Me.,  Benton,  N.  II.,  Sharon,  Yt.,  Meadow  Mount,  Md.,  and  Hot  Springs,  Ark.,  are  othez 
localities  of  quartz  crystal.  For  other  localities,  see  the  catalogue  of  localities  in  the  lattnt 
part  of  this  volume. 

liose  quartz^  at  Albany  arid  Paris,  Me.,  Acworth,  N.  H.,  and  elsewhere ;  smoky  guarUt^  at 
Goehen,  Mass.,  Richmond  Co.,  N.  Y.,  Pike's  Peak,  Colorado,  etc. ;  amethyst^  at  Keweenaw 
Point  and  Thunder  Bay,  etc.,  L'lke  Superior;  also  at  Bristol,  Rhode  Island,  near  Greensboro, 
N.  C.  ;  Specimen  Mountain,  Yellowstone  Park,  Crystallized  green  quartz,  at  Providence, 
Delaware  Co.,  Penn  ;  at  Eilenvillc,  K.  Y.  Chalcedony  and  agates  about  Lake  Superior,  the 
Mississippi,  and  the  streams  to  the  west,  etc.  Red  jasper  is  found  in  pebbles  on  the  banks  of 
the  Hudiion  at  Troy  ;  red  and  yellow,  near  Murphy^s,  Calavenis  Co. ,  Cod.  Heliotrope  occupies 
veins  in  slate  at  Bloomingrove,  Orange  Co. ,  N.  Y. 

Several  varieties  of  this  species  have  long  been  employed  in  jewelry.  The  anuthyfit  has 
always  been  esteemed  for  its  beauty.  Cameos  are  in  general  made  of  onyx,  which  is  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admits  of  a  brilliant  polish,  and  is  often 
formed  into  vases,  boxes,  knife-handles,  etc.  It  is  also  extensively  used  in  the  manufactore 
of  Florentine  mosaics.  The  camelian  is  often  rich  in  color,  but  is  too  common  to  be  miu\h 
esteemed ;  when  first  obtained  from  the  ro<:k  they  are  usually  gray  or  grayish-red ;  they 
receive  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun^s  rays,  and  a  suboeqaent 
heating  in  earthen  pots.  The  colors  of  agate,  when  indistinct,  may  be  brought  put  by  boil- 
ing in  oil,  and  afterward  in  sulphuric  acid ;  the  l&tter  carbonizes  the  oil  absorbed  by  the 
pozoos  layers,  and  thus  increases  the  contrast  of  the  different  colors. 


TRIDYMXTB.* 

Hexagonal.     1  A 1  =  124**  3'  (basal) ;  1  A 1  =  127°  35'  (terminal) ;  i  = 

1'6304  (v.  Rath).  Cleavage  Oj  imperfect.  Crys- 
tals minute,  commonly  tabular  (f.  507),  formed 
by  the  prism  and  basal  plane ;  also  frequently  in 
twins  and  trillings  with  (1)  ^,  and  (2)  f  as  the 
twinning-planes.  Double  refraction  positive. 
II. =7.  O. =2-282-2-326.  Lustre  vitreous,  on 
the  face  pearly.  Colorless,  becoming  white  on  weathering.  Fracture  con- 
ohoidal. 

Oomp. — Pure  silica,  or  SiOs,  like  quartz. 

Pyr. — B.  B.  infusible.  Fuses  in  soda  with  effervescence,  forming  a  colorless  glass.  Soluble 
ii:  a  boiling  saturated  solution  of  sodium  carbonate, 

Obs.— First  found  in  cavities  in  the  trachyte  from  Cerfo  St.  Cristoval,  near  Pachnca, 
Mexico.  Also  in  the  trachyte  of  the  Siebengebitge,  and  in  related  rocks  from  many  localitiee. 
Forming  on  one  occasion  the  mass  of  white  volcanic  ashes,  from  the  island  Vulaino.  Also 
In  microscopic  crystals  inclosed  in  opal,  and  in  quarts. 

AsiCANlTE  (Mashelyne). — A  third  form  of  silica,  ciystallifing  in  the  orthorhombic  system, 
'^isomorphous  with  brookite."  H.  =5*5.  G.s:i£'245.  Foimd  in  very  minute  crystallioe 
frmius,  generally  rounded,  in  the  meteoric  iron'^bf  Breitenbach. 


OPAL. 


Massive,  amorphous;  sometimes  small  reniform.  stalactitic,  or  large 
tuberose.    Also  earthy.  « 

H.==5-5-6'5.  G.= 19-2*3.  Lustre  vitreous,  frequently  subvitreoue ; 
often  incllnin^;^  to  resinous^  and  sometimee  to  pearl^\     Color  white,  yellow. 
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red,  brown,  green,  gray,  generally  pale ;  dark  colors  arise  from  foreign 
admixtures ;  sometimes  a  rich  play  of  colors,  or  diflFcrent  colors  by  refracted 
and  reflected  light.     Streak  white.     Transparent  to  nearly  opaque. 

Oomp. — Silica,  SiOs,  as  for  quartz,  the  opal  condition  being  one  of  lower  degrees  of  kaid- 
jees  and  specific  gravity.  Water  ia  osnallj  present,  but  it  is  reg^ded  as  unessentiaL  It 
▼aries  in  amount  ifom  2  to  21  p.  c;  or,  mostly,  from  3-9  p.  c. 

Var. — 1.  Precious  Opai.  Exhibits  a  play  of  delicate  colors,  or,  as  Pliny  says,  presents  vaxioui 
refulgent  tints  in  succession,  reflecting  now  one  hue  and  now  another.  Seldom  larger  than  a 
hazel-nut.     Doubly  refracting  (biaxial),  Befivens. 

'6.  Fire-opal.  Hyacinth-red  to  honey-yellow  colors,  with  fire-like  reflections  somewhat  irised 
on  turning. 

3.  Giraaol,     Bluish-white,  translucent,  with  reddish  reflections  in  a  bright  light. 

4.  Common  Opal.  In  part  translucent ;  (a)  milk-white  to  greenish,  yellowish,  bluish;  (6) 
liesin-opal  (Wachsopal,  Pechopal,  Germ.)^  wax-,  honey-  to  ochre-yellow,  with  a  readnona 
la»tre  *  {O}  dull  olive-green  and  mountain-green  ;  {d)  brick -red. 

5.  Oickoiong.  Opaque,  bluish-white,  porcelain- white,  pale-yellowish  or  reddish;  often 
adheres  to  the  tongue,  and  contains  a  little  alumina. 

6.  Opal-agtUe.     Agate-like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

7.  Jasp-opal:  Opal  containing  some  yellow  iron  sesquioxide  and  other  impurities,  and  har* 
ing  the  color  of  yeUow  jasper,  with  the  lustre  of  common  opal 

8.  Wood^pai  (Holxopal,  Oerm. ).     Wood  petrified  by  opal. 

9.  IlytUite.  Clear  as  gloss  and  colorless,  constituting  globular  concretions,  and  also  cmste 
with  a  globular,  renif orm,  botryoidal»  or  staloctitic  surface  >  also  passing  into  translucent, 
and  whitish. 

10.  Fiotite^  Siliceous  Sinter.  Includes  translucent  to  opaque,  grayish,  whitish,  or  brownish 
Incrustations,  porous  to  firm  in  texture  ;  sometimes  fibrous -like  or  filamentous,  and,  when  so, 
pearly  in  lustre,  formed  from  the  decomposition  of  the  siliceous  minerals  of  volcanic  rocks 
about  f umaroles,  or  from  the  siliceous  waters  of  hot  springs.  It  graduates  at  times  into 
hyalite.  Oeynerite  constitutes  concretionary  deposits  about  the  Iceland  and  Yellowstone 
(pealite)  geysers,  presenting  white  or  grayish,  porous,  stolaotitic,  filamentous,  cauliflower- 
like forms;  also  compact^massive,  and  scaly -massive;  U.  =5;  rarely  transparent,  usually 
opaque  *  sometimes  falling  to  powder  on  drying  in  the  air. 

1 1 .  Float-aCone.  In  light  concretionary  or  tuberose  masses,  white  or  grayish,  dometin&ea 
cavernous,  rough  in  fracture.  So  Ught,  owing  to  it&  spongy  texture,  as  to  float  on  water. 
The  concretions  sometimes  have  a  flint-like  nucleus. 

12.  TripoUte.  Formed  from  the  siliceous  shells  of  Diatoms  and  other  microscopic  species, 
as  first  made  known  by  Ehrenberg,  and  occurring  in  dtiposits,  often  many  miles  in  area,  either 
uncompacted,  or  moderately  hard.  Infusoi  ial  ISarth^  or  Earthy  TripolUe^  a  very  fine-grained 
earth  looking  often  like  an  eartny  chalk,  or  a  clay,  but  harsh  to  the  feel,  and  scratching  glass 
when  rubbed  on  it. 

Pyr.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yellow  varieties, 
ooutaining  iron,  turn  red. 

Oba. — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  porphyry,  and  some 
Tietallic  veins.  Also  imbedded,  like  flint,  in  limestone,  and  sometimes,  like  other  quarts 
concretions,  in  argillaceous  beds ;  also  formed  from  the  siliceous  waters  of  some  hot  springs ; 
alro  resulting  from  the  mere  ocoumolation,  or  accumulation  and  partial  solution  and  solidifi* 
oation,  of  the  siliceous  shells  of  infusoria — which  consist  es5«entially  of  opal-silica. 

Precious  ojml  occurs  in  Hungary ;  in  Honduras ;  and  Mexico.  Fire  opal  occurs  at  Zimapau 
in  Mexico  ;  Faroe  ;  near  San  Antonio,  Honduras.  Gommoti  opal  is  abundant  at  Telkebanya 
in  Hungary;  in  Moravia;  in  Bohemia;  Stenzclberg  in  the  Siebcngebirge ;  Faroe,  Iceland; 
the  Giant's  Causeway,  at  many  localities.  In  U.  S.,  hyaAte  occuis  sparinj^ly  in  N.  York,  at 
the  Phillips  ore  bed,  Putnam  Co. ;  in  Georgia,  in  Burke  and  Scriven  Cos. ;  in  Washington  Co., 
good  fire  opal.     At  the  Geysers  on  the  Fire  Hole  river,  Yellowstone  Pork,  gey serite  is  abundant. 

The  precious  opal,  when  large,  and  exhibiting  its  peculiar  play  of  colors  in  perfection,  is  a 
gem  of  high  value.     It  is  cut  with  a  convex  suri'ace. 

Mklanophlooitb  (Lasaulx . — Oocurs  in  minute,  colorless,  cubes  coating  sulphur  arystali 
from  Girgenti,  Sicily.  Gonfiins  SiOj  8(i  3  p.  c,  SO.  7  1^,  H^O  2  tf  ;  chemical  nature  doubt- 
ful.    Toms  black  upon  ignition,  henoe  the  name. 
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a  TERNAEY  OXYGEN  COMPOins-DS. 


I.  8IUCATES.— A.  ANHYItROUS  atLICATBS. 


.  BiBiucATKS.     Genbral  Fobmula  ESiO|. 


(a)  Amphihole  Group.     Pyroaene  Section. 

ENSTATTTB.    Bbonzitb.     PMttAMtlto. 

ic  I A  1=88°  10'  and  91°  44'  (Breitenbach  meteorite,  tii 
Lang);  c:l:d  =  0-5SS53  :  1 -03086  :  1.  Cleavage:  /, 
easy  ;  i-i,  i-i.  less  bo.  Sometimes  a  fibi-ous  appearance 
on  the  cleavage-Biirface.     Also  maeaive  aud  lamellar. 

H.=5'5.  G.=31-3-3.  Lustre  a  little  pearly  on 
cleavage-Burfaces  to  vilreoiiB;  often  nietalloiaal  in  the 
bronzite  vanety,  ("olor  grayish-wliite,  jellowiah-white, 
greenish- white,  to  olive-green  and  brown.  Streak  uii- 
colored,  gi-ayisb.  Double  refraction  poeitive;  opttu- 
axial  plane  bra<:liydiugonal ;  axes  very  divergent 

Oomp.,  T«r.— MgSiOi^SiliuaeO,  mBgiieBla40=100;  klM(lI(,]r») 


SiO,, 


Vbi.  1.  WiOi  liCUe  or  no  iron;  BnntntiU.  Coloi  whiU,  yellowUh,  gTuyiah,  or  greeniah- 
trhlte;  lustre  pe&rly-vitreous ;  O.  ^:)  10-3  111.  Vldadnite.  which  makes  np  90  p.  c  (d  tba 
Blahopville  meteorite,  belongs  here  and  is  the  inuest  kind ;  ViClorUt  '^Mtranitr),  from  tiie 
Deosi  (CMU)  meteorio  iron  is  probablj  identical. 

2.  Ferriferoia  ;  Bronxite.  Color  gmyiah-gTeen  to  oliTe-green  and  biowB;  lustre  of  nle»v- 
■C;«-mirfaoe  adamantine  pearl;  to  submetallio  or  bronze-l^.  The  ratio  ai  Mg :  Fa  varieH 
from  11  ;  1  to  :i  :  1.  Anairsls  of  broczile  from  Lelpeivilla  by  Fisam,  SiO,  07-Otl,  ^0.  028, 
FaO  S-77,  MgO  35-59,  H,0  OtH)=bfl  02, 

Pyr.,  oto.— B.B.  almost  infusible,  being  onlj  slightly  rounded  on  the  thin  edges;  F.=0. 
bisalDtJB  In  hydrochloric  acid. 

Diff. — Di«Cinguished  by  ite  infosibility  Erom  varieties  of  amphibola,  which  it  resembles. 

Obs. — Ocours  near  Aloysthal  in  Moravia;  in  the  Vosgcs;  at  Knpferbeig in  Bavaria ;  at 
Bute  in  Uie  Han  iyroUAttntiU);  in  the  chrjaolite  homba  in  the  Bifel;  in  immense  cryrt^a 
with  apatite,  near  Bamle,  Norwa^.  In  Pennsylvania,  at  Iieiperville  and  Texas ;  at  Brewatar, 
H.  T.     Bronzite  is  quite  common  in  ineteoritea. 

DeaCloizeani  firat  deSned  the  limits  of  this  species,  as  here  laid  down. 

Named  from  'imdrrii,  an  opponent,  hecaose  bo  refractory.  The  name  bTODXiU  has  prioitlr, 
bnl  a  bronie  lustre  ie  not  essentia],  and  is  far  from  aniveraaL 


Orthorhombic.  /a  7=91''  32J,  DeaCloizcaux  (Ml  Dor6);  91'  40' 
T.  Itatb  {amblyBtegite).  Cleavage  :  i-i  perfect,  7  and  t-i  distinct  but  inter 
rupted.     Usually  foliated  massive. 

n.=;5-6.  G.=3-392.  Lustre  eomewliat  pearly  on  a  cleavage-surface, 
uid  BometiiDus  a  little  met«lloidal ;  uften  with  a  pevuliar  iridescence  doe 
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lo  the  presence  of  minute  enclosed  tabular  crystals  (brookite?)  in  parallel 
position  (Kosinann).     Color  dark  brownish -green,  gray- 
ish-black,   greenisli- black,    pinchbeck-brown.      Streak  509 
ei-ayish,  brownish-gray.     Tran^hicent  to  nearly  opaque. 
Srittle.     Optic-axial  plane  brachy diagonal ;  axes  very 
divergent ;  bisectrix  negative. 

Oomp — (Mg,Fe}Si09  with  Fe  :  Mg-1  :  5,  1  :  3,  etc.  If  Fc  to 
Mg=l  :  2  the  formula  requires  SiO,  54-2,  FeO  21-7,  MgO  24-1  =  100. 

Pjrr.,  etc. — B.B.  fuses  to  a  black  enamel,  and  on  charcoal  yields  a 
magnetic  mas&     Partially  decomposed  by  hydrochloric  acid. 

Obs. — Hypersthene  occurs  at  Isle  St.  Paul,  Labrador  in  Canada ; 
at  the  Isle  of  Skye  ;  in  Greenland ;  Norway ;  Bonsber^  in  Bohemia  ; 
the  Tyrol ;  Elfdalen  in  Sweden ;  Laacher  See  {ainblysUgite, ;  Voigt- 
land  ;  in  trachyte  of  Mt.  Dore,  Auveigne. 

In  chemical  composition.  erutUitUe  (and  bronziU\  and  hjfperatlieue 
belong  together,  since  they  grade  insensibly  into  each  other ;  and  iu 
crystalline  form  they  are  identical.     The  essential  difference  between 

them,  according  to  DesGloizeaux,  lies  in  the  axial  dispersion  which  is  uniformiy  p  <  v  toi 
anstatiie,  and  p  >  v  for  hypersthene. 

DiACLABiTB. — Near  bronzite  ;  differs  in  optical  characters.     (Mg,Fc,Ga)SiOi.     Harzbuig; 
Guadarrama,  Spain. 


Mt.  Doro. 


WOIiliASTONTTE.    Tabular  Spar.     Tafelspath,  Oeifn, 

Monoclinic.  0=  69°  48',  /  A  7  =  87°  28',  (9  A  2-i  =  137°  48' ;  c:h:d 
=  0-4338  :  0*89789  :  1.  Fig.  510  in  the  pyroxene  or  normal  position,  but 
wi"^^  the  edge  O/i-i  the  obtnse  edge  ;  f.  511  in  the  position  given  the  crys- 
tals u\  authors  who  make  i-i  the  plane  0,  and  2-i  the  plane  /.  Oh  —  1-i 
=  160^  30',  O  A  1-i  =  154'  25',  i-i  A  -  2  =  132°  54',  i-iMi  =  93°  52'. 
Rarely  in  distinct  tabular  crystals.  Cleavage :  O  most  distinct ;  i-i  less 
BO ;  1-i  and  —  1-i  in  traces.  Twins :  twinning-plane  %4,  Usually  cleav- 
able  massive,  with  the  surface  appearing  long  nbrous,  fibres  pamllel  or 
reticulated,  rather  strongly  coherent 


510 


511 


/fa 

l: 

Z^ 

iJ^ 

'''^-ttf 

0 
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v» 

i>  y  ■"     ^ 

15- 
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1 

^*^-'  ^ 
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II. = 4*5-5.  G.= 2*78-2 '9.  Lustre  vitreous,  inclining  to  pearly  opoD 
the  faces  of  perfect  cleavage.  Color  white,  inclining  to  gray,  yellow,  i-ed, 
or  brown.  Streak  white,  bubti-anspai-ent — translucent.  Fracture  uneven, 
sometimes  ery  tough.  Optic-axial  plane  i-i ;  diver^nce  70^*  40'  for  the 
red  rays  ;  bisectrix  of  the  acute  angle  negative;  inclined  to  a  normal  to  i-i 
57°  48',  and  to  a  normal  to  O  12%  DesCL 
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Oomp C>SiO,  =  Silfam  SI  7,  lime  48  3  =  100, 

Pyr.,  etc — Ju  the  inAtiasa  no  chenge.  B,B.  fuses  euil;  on  Uie  edgaa;  irith  Mine  moa,  ■ 
lilobbrglaM,  with  moie,  swells  up  and  U  infiiBible.  With  hfdrochJadoacidgelBtmiioi;  moat 
VDil^ties  effervesce  alightl;  from  the  presence  of  oalcite, 

Difi. — DiffeiB  from  aabestua,  and  Iremolite  in  furmlng  a  jelly  with  acidB.  m  also  b;  its  mora 
TitreouB  fractuie  ;  fiiHen  less  rendilj  thaa  □atrolite  and  scolecite ;  when  pure  does  &ot  eSei- 
vssce'uith  ncidx  li^e  the  catbonates. 

Obi. — WoUaatonite  is  found  in  regions  of  gnmite  and  granalai  limestone ;  also  in  basalt  Mid 
lavas.  OocuTB  in  Hungarj';  in  Finland;  ood  in  Korwoy;  at  Gorkum  in  Sweden ;  in  th« 
Han  ;  at  Aaerbocb.  in  granular  liuieatone  ;  at  Vesavius.  lu  the  U.  S. .  in  i^.  York,  at  Wills- 
borongh  ;  at  Lewis ;  Diana.  Lewis  Cu,  In  Penn.,  Backs  Co.  At  the  Cliff  Mine,  Keweenaw 
Feint,  Lake  Superior.     In  Catuida,  at  OreavUle. 


FTBOXBHa 

Monoclinic.  C  =  73°  5&',  7a 7  =  87°  6',  0 A 2-i  =  131°  IT;  6:b:d 
=  0-5412  :  0-91346  :  1.  Oa/=100''  57',  OA-l-i=155°  51',  OAl-i 
=  148°  35',  (?A -1  =  146"  9',  t>Al  =  137''  49',  -1 A -1  =  131°  24' 
Cleavage :  /  i-atlier  perfect,  often  interrupted ;  i-i  BOinetimes  neai-ly  pei 


feet;  i-i  ini]ierfcet ;   *9  sinnetimcs  easy.     CrvPtals  usually  thick  and  Etuiit. 

Twins:  twiiitiiii(i-planei-i  (f. 521).     Often  liiiunse  lainelliir, in  lai^  innflBea, 

panillcl  to  O  or  i-i.     Also  j^ratiular,  particles  ciiai-se  or  line;  and  fibrons, 

tittres  often  fine  and  long. 

II.=5-6.  G.=3-23-35.  Lustre 
ritrcouB,  inclining  to  reBinoua : 
BOine  pearly.  Color  gi-een  ot 
various  ehades,  verging  on  one 
side  to  white  or  grayish- white, 
and  on  the  other  to  brown  and 
blac-.k.  Sti-cak  white  to  gray  and 
grayisli-gruun.  TriinspHreiil  — 
opaqne.  I'"i-actui-e  ciichoidal — 
nnuvon.  IJrittlc.  In  t-rystali 
from  l''iissa,  optiv-Hxial  plane  i-» ; 
divergence  110°  to  113°;  bi8e<-- 
t,rix  of  the  acute  angle  poBitiTo, 

inclined  51°  6'  to  a  norina!  to  j-V  and  2'i''  55'  to  a  normal  to  0.  DesCl. 
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Ccmp.,  Var. — A  hudlioate,  having  the  general  formula  BSiOj,  where  U  may  be  Ca,Mg, 
Fe^Mn,  sometimes  also  Zn,Kai,Na3.  UKually  two  or  more  of  these  bases  are  present.  The 
first  three  are  most  common ;  but  calci  im  is  the  only  one  that  is  present  always  and  in  laig« 
percentage.  Besides  the  subsLitutions  of  the  above  bases  for  one  another,  these  same  bases 
are  at  times  replaced  by  :^l,Fe,Mn,  though  sparingly,  and  the  silicon  occasionally  by  alumi- 
num. 

The  varieties  proceeding  from  these  isomorphous  substitutions  are  many  and  diverse  ;  and 
there  are  still  others  depending  on  the  state  of  crystallization.  The  foliated  and  fibrous 
kinds  early  received  separate  names,  and  for  a  while  were  regarded  as  distinct  species.  Fibrous 
or  columnar  forms  are  very  much  less  common  than  in  hornblende,  and  lamellar  or  foliated 
kinds  more  common.  The  crystals  are  rarely  long  and  slender,  or  bladed,  like  those  of  that 
species. 

The  most  prominent  division  of  the  species  is  into  (A)  the  non-alaminoxi8  ;  (B)  the  alumi' 
nous.  But  tiie  former  of  these  groups  shades  imperceptibly  into  the  latter.  These  two  groups 
are  generally  subdivided  according  to  the  prevalence  of  the  different  protoxide  elements. 
Yet  here,  also,  the  gradation  from  one  series  to  another  is  in  general  by  almost  insensiblfl 
shades  as  to  composition  and  chemical  characters,  as  well  as  all  physical  qualities. 

I.    CONTAINIKO  LITTLE  OR  NO  ALUMINA. 

1.  Lime-Magnesia  Pyroxene ;  Malacolite.  Diopside,  Alalite,  White  Coccolite.  Color 
white,  yellowish,  grayish- white  to  pale  green.  In  crystals:  cleavable  and  g^nular  massive. 
Sometimes  transparent  and  colorless.  G.  =8  '2-3  38.  Formula,  CaMgSiaO*  =  Silica  55  'G,  mag- 
nesia ld'5,  lime  25*9.     Sometimes  Ga  :  Mg=l  :  2  ;  less  than  4  p.  c.  of  iron  are  present. 

2.  lAmC' Magnesia- Iron  Pyroxene;  Saiilite.  Color  grayish-green  to  deep  green  and  black; 
sometimes  grayish  and  yellowish-white.  In  cr^'stals  ;  also  cleavable  and  granular  massive 
G.=3  25-y-4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  occurs 
in  masses  of  a  grayish-green  color,  having  a  perfect  cleavage  parallel  to  the  basal  plane  (0). 
Formula  (Ca,Mg,Fe)Si03.  The  ratio  of  Ca  :  Mg  :  Fe  varies  much,  =;i  :  3  :  1,  2  :  2  :  l,etc.  The 
ratio=4  :  -3  :  1,  corresponds  to  silica  53'7,  magnesia  13  4.  lime  24*0,  iron  protoxide  8  0=100. 

DiALLAOK.  Part  of  the  so-called  diaUage,  or  thin  foliated  pyroxene,  belongs  here,  and  the 
rest  under  the  corresponding  division  of  the  aluminous  pyroxenes.  Color  grayish-green  to 
bright  grass-green,  and  deep  green;  lustre  of  cleavage  surface  pearly,  sometimes  metalloidal 
or  brassy.  H.=4.  G.  =3*2-3 '35.  Composition  near  the  preceding ;  analysis  by  vom  Rath, 
Neurode.  SiO,  53  00,  AlO,  1  -99,  FeO  8-95,  MnO  028,  MgO  1308,  CaO  21-00,  H.O  0  80 =99  82. 
With  this  Viiriety  belongs  part  also  of  what  has  been  called  hypersthene  and  broniite — the  part 
that  is  easily  fusible.  Common  especially  in  serpentine  rocks.  Named  from  ihuAA/iyij^  cUf- 
ference,  in  allusion  to  the  dissimilar  cleavages. 

3.  Iron-Lime  Pyroxene,  Hedenbergite.  Color  black.  In  crystals,  and  also  lamellax 
massive  ;  cleavage  easy  parallel  to  i-i,  G.  =3  '5-3*58.  Formula  CaFeSiaOs  (Mg  being  absent) 
= Silica  48  30,  lime  2218,  iron  protoxide  29*43=100.  Aiteroite  is  a  similar  pyroxene  con- 
taining also  Bin  (IgeLstEom),  Sweden. 

4.  Lime'Iron'Manganeae-Zinc  Pyroxene  ;  Jeffersonite.  Color  greenish-black.  Crystals 
often  very  large  (3-4  in.  thick),  with  the  angles  generally  rounded,  and  the  faces  uneven,  as 
if  corroded.  G.=3-38.  Analysis,  Franklm,  N.  J.,  by  Pisani,  SiO.  45*95,  AlO,  0*85,  FeO 
S-Ol.  MnO  10-20.  ZnO  1015,  CaO  21-55,  MgO  3*61,  ign  0-35=101 -57. 

II.  Aluminous, 

Ahiminous  Lime-Magnesia  Pyroxene;  Leucauqite  {Dana).  Color  white  or  grajith. 
Analysis,  Bathurst,  C,  by  Hunt,  SiOj  5150,  3UO,  6*15,  FeO,  0-35,  MgO  17  09,  CaO  23*80 
H,0  110=  100-50.  Looks  like  diopside.  H.=0*5.  G.=319.  Hunt.  Named  from  ^^rvwr, 
white. 

Aluminous  Ume-Magnesia-Iron  Pyroxene;  Fa88.ute,  Auoite.  Color  clear  deep-green  to 
greenish-black  and  black ;  in  crystals,  and  also  massive ;  subtranslncent  to  opaque.  G. 
=3  25-3 '5.  Contains  iron,  with  calcium  and  magnesium,  also  alumiuum.  Analysis  of  augite 
from  Montreal  by  Hunt,  SiOa  49-40,  AlO,  0  70,  FeO,  7  83,  MgO  13-00,  CaO  21-88,  Na,0  0  74, 
H,0  0-50=100-11. 

o.  Fitssaitv'  (or  Pyrgom).  Includes  the  green  kinds  found  in  mctamorphic  rocks.  Named 
from  the  locality  at  Faasa  in  Piedmont,  which  affords  deep-green  ciystals,  sometimes  pistachio- 
green,  like  the  epidote  of  the  locality. 

3.  Augite.  Includes  the  greenish  or  brownish-black  and  black  kinds,  occurring  mostlj  ii 
eruptive  rocks,  but  also  in  metamorphic.     Named  from  kvyif^  kuirt. 
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Pjrr^  dtc. — Yaxjing  widely,  owing  to  the  wide  Tariationa  in  oomposition  in  the  different 
fariotiea,  and  often  by  insensible  grudations.  Fusibility,  from  the  almost  infusible  dinllapre 
t(i  8*75  in  diopside  ;  8 '5  in  sahlite ;  3  in  jetfei-sonite  and  augltc  ;  2  5  in  hedenbergite.  Va- 
rieties rich  in  iron  afford  a  magnetic  globule  when  fused  on  chxurcoal.  and  in  general  theix 
fusibility  vanes  with  the  amount  of  iron.  Jeffersonite  g^ves  with  soda  on  charcoal  a  reactioo 
for  zinc  and  manganese ;  many  others  also  give  with  the  duxes  reactions  for  maiiganese.  Most 
varieties  are  unacted  upon  by  acids. 

Di£El^See  Amphibole,  p.  297. 

Obs. —Pyroxene  is  a  common  mineral  in  crystalline  limestone  and  dolomite,  in  serpentine, 
ai*.d  in  volcanic  rocks ;  and  occurs  also,  but  less  abundantly,  in  connection  with  granitic  rocks 
and  metamorphic  schists.  The  pyroxene  of  limestone  is  mostly  the  white  and  light-green  or 
gray  varieties;  that  of  most  other  metamorphic  rock,  sometimes  white  or  colorless,  bat 
UBually  green  of  different  shades,  from  pale  green  to  greenish- black,  and  occasionally  black; 
that  of  serpentine  is  sometimes  in  fine  crystals,  but  often  of  the  foliated  green  kind  called 
diaUage  ;  that  of  eruptive  rocks  is  the  black  to  greenish-black  avffite. 

Prominent  foreign  localities  are :  malacoUte  {diopmle)^  Traversellu,  Ala  in  Piedmont;  Sala, 
Tunaberg.  Sweden ;  Pargas ;  Aohmatovsk ;  etc.  Sahlite^  Sala ;  Arendal ;  Degeroe  ;  Schwaraen- 
berg;  etc.  IledenberffiU,  Tunaberg ;  Arendal  ^t/^«,  Fassathal ;  Vesuvius:  etc. — inmost 
d<dacytie  igneous  rooks. 

In  N.  America  common  (see  Ust  of  localities  at  the  close  of  the  volume).  Some  localitiei 
Are :  In  Ma-ss. ,  at  the  Bolton  quarries.  In  Conn. ,  at  Canaan.  In  N,  T<yi%  at  Warwick,  Mon- 
roe, Edenville,  Diana.  In  N,  Jersey ^  in  Franklin.  In  Fenn.y  near  AtUebofo'.  In  Canada^ 
at  Bytown,  at  Calumet  L,  at  Gren^nlle. 

AOHITK. — Monoclinia     In  slender  pointed  crystals  (hence  name)  in  quartz.     H.  =G.     6.  =r 
S'2-8'53.    Color  brownish  to  reddish-brown,  in  the  fracture  blackish-green.    Opaqije.    Frac- 
ture uneven.     Brittle.     ltSi03,R=Na9,Fe,  or  Fe(Fe=HU);  analysis  by  Bammelsberg,  SiOt 
61  06,  FeO,  28  28,  FeO  523,  MnO  0-60,  Na,0  12  40,  K«0  0  43,  TiO  Ml,  ign  0-39=l00-25 
Kongsberg,  Norway. 

i^IRiTE. — Near  pyroxene  in  form,  but  contains  alkalies.     H.=5'5-0.     G.  =3  45-3 '58. 
Color  greenish- black.     Subtranslucent  to  opaque.     Analysis  Ramm.,  Brevig,  SiO>  50*25,  Aid 
1'22,  FeO,  2207,  FeO  880,  MnO  140,  CaO  5  47,  MgO  I  28,  Na.O  9  29,  KaO  0  04 =100 -73. 
V    Alflo  from  Magnet  Cove,  Arkansas. 

RHODONITB. 

Triclinic,  but  approximately  isomorplioiis  with  pyi-oxeiie.     Cleavage :  I 

perfect;   6^  less  perfect.     Usual  I  v  massive. 
582  IL=6-5-6-6.    G.=3-4r-3-08.    Lustre  vitreous.    Color 

light  brownish-red,  liesh-recl,  sometimes  greenish  or 
yellowish,  when  impure ;  often  black  outside  from  ex- 
posure. Streak  white.  Transpareut — opaque.  Frac- 
ture conchoidal — uneven.     Very  tough  when  massive. 


Oomp.,  Var. — MnSiOi= Silica  45*9,  manganese  protoxide  54 'Is 
100.  Usually  some  Fe  and  Ca,  and  occasionally  Zn  replace  part  of  th« 
Mn.  Ordinary,  (a)  Crystallized.  Either  in  crystals  or  foliated. 
The  ore  in  crystals  from  Paisberg,  Sweden,  was  named  Paisberffite 
under  the  idea  that  it  was  a  distinct  species,  {b)  Granular  massive. 
Calciferous ;  Bustamitb.  Contains  0  to  15  p.  c.  of  lime  replacing 
part  of  the  manganese.  Often  also  impure  from  the  presence  of  cal- 
ohim  carbonate,  which  suggests  that  part  of  the  lime  replacing  the  manganese  may  have  come 
from  partial  alteration.  Grayish-red.  Zinciferous  ;  Fowlukits.  In  crystals  and  foliated, 
the  latter  looking  much  like  cleavable  red  feldspar  ;  the  crystals  sometimes  half  an  inch  to  aa 
inoh  through,     /a  /=80'  80',  Torrey.     G.=a'44,  Thomson. 

Pyr.,  etc. — B.B.  blackens  and  fuses  with  slight  intumescence  nt  2'ri :  with  the  finxesg^vet 
reactions  for  manganese ;  fowlerite  gives  with  soda  on  charcoal  a  reaction  fur  zinc  Slightly 
acted  upon  by  acids.  The  calciferous  varieties  often  effervesce  from  m<  ehanical  admix* 
kire  with  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  ac.d,  and  the  in 
soluble  part  becomes  of  a  white  color.  Darkens  od  exposure  to  the  air,  and  sometimes 
bnoomcB  nearly  black. 
Obt. — Occurs  at  Longban,  near  Philipstadt  in  Sweden ;  also  in  the  Harz ;  in  the  distriet  of 
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FTAtherineabeig  in  the  Ural ;  in  ComwalU  etc.  Occurs  in  Warwick,  Mass.  ;  Bine  Hill  Bay, 
Maine  ;  near  Hinsdale,  N.  H.  j  fowlerite  {keatingine)  at  Hamburg  and  Sterbng,  New  Jersey. 

Named  from  p6*^ov^  a  rose,,  in  allusion  to  the  color. 

BAHiNOTONtTE.— Tricllnic.  QRSiOj+FeSiaOB,  with  R=Fe(Mn)  :  Ca(Mg)=2  :  3  (Bamm.). 
Analysis,  Bammelsberg,  SiO.,  51  22,  FeO,  UHK),  FeO  lC-36,  MnO  7*91,  MgO  0-77,  CaO 
19*32,  ign^O •44=110*92.     Color greeniah-black.     Arendal;  Nassau;  Devonehiie;   Baveno 


SPODUBIISNB.* 

Monoclinic.      6\==  69^  40'  /a/=  87%    Oa24  =  130°  30'.      CrjBtali 
large.     Cleavage:  i-i  very  perfect;  /  also  perfect; 
1-i  in  traces ;  in  strice  on  i-i.     Twins :  twinning-plane  528 

i-i.     Also  massive,  with  broad  cleavage  surface. 

IL=6-5-7.  G.=3-13-3-19.  Lustre  pearly.  Cross 
fracture  vitreous.  Color  grayish-green,  passing  into 
greenish-white  and  srayish-white,  rarely  faint-reddish. 
Streak  uncolored.  Translucent — subtranslucent.  Frac- 
ture uneven. 

Oomp — 3BSiOs+4AlSia09 ;  B= Lis  mostly.  Silica  64  2,  alu- 
mina 29*4,  lithia  6*4=100.    Sometimes  Li  :  Na(E)=20  :  1,  Bamm. 

Pyr.,  etc. — B.B.  becomes  white  and  opaque,  sweUs  up,  imparts 
a  purple  red  color  (lithia)  to  the  liame,  and  fuses  at  8*5  to  a  clear 
or  white  glass.  The  powdered  mineral,  fused  with  a  mixture  of 
potassium  bisulphate  and  fluor  on  platinum  wire,  gives  a  more  in- 
tense lithia  reaction.     Not  acted  upon  by  acids. 

Di£f. — Distinguished  by  its  perfect  orthodiagonal.  as  well  as 
prismatic,  cleavage ;  has  a  higher  specific  gravity  and  more  pearly 
lustre  than  feldspar  or  scapolite.     Gives  a  red  flame  B.B. 

Ob's. — Ocours  on  the  island  of  IT  to,  Sweden ;  near  Sterzing  and 
Lisens  in  the  Tyrol;  at  Killiney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.    At  Goshen, 
Mass.  ;  also  at  Chesterfield  and  Norwich,  Mase. ;  at  Windham,  Maine ;  at  WinG^ester,  N.  H.; 
at  Brookfield,  Ct. 

Petalite 3Li8Si,0.-h4AlSi.O,ft=Silica  77*97,  alumina  17*79,  lithia  8*57.  soda  007= 

100.    Bamm.   Q.  ratio  Li :  M  :  31=1  :  4  :  20,  or  for  bases  to  sUicon=l  :  4.    H.=d-6'5.    Ck 
^2*5.     Colorless;  white.    Uto,  Swedeu,  Wa9k  {pcmtorUe)  \  Bolton,  Mass. 


Norwich,  Mass. 


Amphibole  Section. 


ANTHOPHTLUTB. 


Urthorhombic.     I\I=  125°  to  125=*  25'.     Cleavage:  i^  perfect,  /  I 
so,  i-i  difficult.     Commonly  lamellar,  or  fibrous  massive;  fibres  often  very 
elender. 

H.=6*5.  G.=3*l-3'2.  Lustre  somewhat  pearly  upon  a  cleavage  sur- 
face. Color  brownish-gray,  yellowish-brown,  brownish-green,  sometimos 
Bubmetallic.  Streak  uncolored  or  grayish.  Translucent  to  subtmnslucent 
Brittle.  Double  refraction  positive;  opti^'al  axes  in  the  brachydiagonal 
section. 


DRBOKIPTIVE   UIMERALOOT. 


Comp— (Fe,Ug)SiOi,  Fe  :  1^=1  :  8=Si 
100. 


^  iron  protoxide  16'7= 

Pyr.,  ate — B.B.  fuses  with  great  difficulty  to  a  black  magnetic  eaamel ;  -witis  ths  flufli 
givea  leactions  for  iron  ;  unooted  upon  b;  add*. 

Oba. — Occurs  nGor  KongsboTg  in  Norwa}',  and  near  Uodam.  Al»o  at  Hernuutniclil^, 
Uonvio. 

AutboptijUite  bears  the  name  relutiou  to  tbe  Amphibole  Group  tliat  cnstatite  and  hyper- 
■thene  do  to  tbe  Pyroxene  Group. 

Edffpbritec,  ^Probably  HgSiOi,  with  a  little  Fe.  Ja7=1S4°  ZV.heaotwatTutaliUliorn- 
Utndt.  Color  emerald -green  (ohrome).  Tunldnsk  Mta.,  Miank.  AnalTsia  of  a  amilai  min- 
eial  from  Perth.  Canada,  TbomMm,  SiOi  67-60,  AlOi  B-20,  FeO  210,  MgO  2930,  CaO  3-55. 
%ii.  8-5S=0B  30. 


ABIPUIBOLZI.*  HoBSBLKMIiE, 

Monoclinic.  C=  75'  2',  /a  /=  124"  30',  0M-\=  164'  10',  c:l:d 
=0-5627  :  1*8825  :  1.  Crystals  Eoiiiethnee  stont,  often  long  and  IjIhiIciI. 
Cleavage:  /  highly  perfect  ;i-*,  *-i  aometimea  diatinut  Lateral  planet 
often  longitudinally  striated.  Twins;  twiuning-plane  i-i,aa  in  f.  527  (simple 
form  f.  526),  and  530.  Imperfect  crystallizations:  fibitms  or  columnar, 
coarse  or  nne.  fibres  often  like  Hax;  eomettinea  lamellar;  also  granular 
maseive,  coaree  or  fine,  and  nsually  strongly  coherent,  but  Bometiraeo 
fnabte. 


S94  625 


H.=5-6.  G.=2-9-S-4.  LoBtre  vitreons  to  pearly  on  cleavage-taees ; 
fibrous  varieties  often  silky.  Color  between  black  and  white,  through  vari- 
ous shades  of  green,  inclining  to  blackish-green.  Streak  nnc;olured,  or  paler 
than  color.  Sometimes  nearly  trnnspai'ent ;  usually  subfransUiccnt — opaque. 
Fracture  aubconchntdal,  uneven.  Bisectrix,  in  most  varietieo,  inclined  about 
GO"  to  a  normal  to  O,  and  1.t°  to  a  normal  to  ^■^;  and  donble  refraction 
negative. 

Oomp.,  Var. — Qeneial  lormula  R3iOi.  u  tor  pjroxene.  Alumlnam  in  present  in  moat 
■mptubola,  and  wbra  so  it  usually  replaces  silicin.  II  may  correspond  to  two  or  more  of  the 
b«iilcelementaHg,Ca.Fe.Hn.Na3,Ki,H,;  and  {t  to  :^1.  Fe  or  Mn.  ¥e  sometimea  repluoet 
liUeon,  lili«  -ft\.  Much  nmphlbole,  especitdly  the  aluminoas,  contains  some  Hiiorine.  The  ban 
caldnm  ia  absent  from  some  Tarieties.  or  neatly  so. 

Tbe  earietiei  of  amphibote  are  as  numerous  ai  thoae  of  pyroxene,  and  f»r  tbc  same  [eawm; 
uid  ttiey  lead  in  geaeral  to  similar  •nbdiviiiona 
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T.    GONTAINIKG    LITTLB    OR    NO    ALUXIlfA. 

MagnestO'SAme  Amphibole;  Tremolite.  Grammatite.  Colon  white  to  dark-graj.  la 
distinct  dyBtala,  either  long  bladed  or  short  and  stont ;  long  and  thin  oolamnar,  or  fibrous ; 
also  compact  granular  massiye.  /a  7^=1 24''  30'.  H.=5-0-6-5.  G.=2  9^'l.  Sometimet 
transparent  and  colorless.  Contains  magnesia  and  lime  with  little  or  no  iron  ;  formula  (Ca. 
3^)SiOi,  Ca  :  Mg=l  :  8=Silica  57*70,  magnesia  28  85,  lime  13*35=100.  Named  Tremolitehj 
Pini,  from  the  legality  at  Tremola  in  Switzerland. 

Nephritb. — In  part  a  tough,  compact,  fine  grained  tremolite,  having  a  tinge  of  green  ot 
blue,  and  breaking  with  a  npUntery  fracture  and  glistening  lustre.  H.  =6-6*6.  G.  =2 '96^*1. 
Named  from  a  supposed  efficacy  in  diseases  of  the  kidney,  from  veopdc,  kidn^.  It  oooun 
usually  associated  with  talcose  or  raagneiiian  rocks.  Nephrite  or  jade  was  brought  in  the 
form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  the  discovery  of  America.  A  simi- 
lar stone  comes  from  China  and  New  2!ealand. 

A  nephrite-like  mineral,  called  bowenite^  from  Smithfield,  R.  I.,  having  the  hardness  5*5  it 
serpentine  in  composition.  The  jade  of  de  Sanssure  is  the  »au$9uriU  (see  under  ZoisiTS) 
oC  the  younger  de  Saussure.  Another  aluminous  jade  has  been  called  jadeite  (q.  v.)  by 
Damour. 

Magnena-IAme-Iron  Amphibole;  Actinolite.  Strahlstein,  Oerm,  Color  bright-green 
and  grayish -green.  In  crystals,  either  short  or  long-bladed,  as  in  tremolite ;  columnar  or 
fibrous;  granular  massive.  G.  =3-<3'2.  Sometimes  transparent.  Contains  magnesia  and 
lime,  with  some  iron  protoxide,  but  seldom  more  than  6  p.  c. ;  formula  (Ca,Si^,Fe)SiOa. 
The  variety  in  long  bright-green  crystals  is  called  gla$fiy  acUnoUtc  ;  the  crystals  break  easily 
across  the  prism.  The  fibrous  and  radiated  kinds  are  often  called  asbe^tiform  actinolite  and 
radiated  aetinoUte.     Actinolite  owes  its  green  color  to  the  iron  present. 

Iron- Magnesia  Ampldbole  ;  Cummingtonite.  Color  gray  to  brown.  Usually  fibrous  or 
fibro-lamellar,  often  radiated.  G.  =8*1 -3 '82.  Contains  much  iron,  with  some  magnesia,  and 
little  or  no  lime.     Formula  (Fe.Mg)Si09.     Named  f^-om  the  locality,  Cummington,  Mass. 

AsBESTua.  Tremolite,  actinolite,  and  other  varieties  of  amphibole,  excepting  those  con- 
taining much  alumina,  pass  into  fibrous  varieties,  the  fibres  of  which  are  sometimes  very 
long,  fine,  flexible,  and  easily  separable  by  the  fingers,  and  look  like  fiax.  These  kinds,  like 
the  corresponding  of  pyroxene,  are  called  athe»tM»  (fr.  the  Greek  for  ineombustidle).  The 
colors  vary  from  white  to  green  and  wood -brown.  The  name  amianthus  is  now  applied  usu- 
ally to  the  finer  and  more  silky  kinds.  Much  that  is  so  called  is  chrj/sotile,  or  fibrous  serpen- 
tine, it  containing  12  to  14  p.  c  of  water.  Mountain  leather  is  a  kind  in  thin  flexible  sheets, 
made  of  interlaced  fibres  ;  and  mountain  cork  (Bergkork)  the  same  in  thicker  pieces ;  both 
are  so  light  as  to  float  on  water,  and  they  are  often  hydrous.  Mountain  tcood  (BeighoLiy> 
Holsasbest,  Oetyn  )  is  compact  fibrous,  and  gray  to  brown. in  color,  looking  a  little  like  dij 
wood. 


IL   AXTTtflNOUfl. 

Aluminous  Magnesia»Lims  Amphibole*  (a)  Edbkitb.  Color  white  to  gray  and  psJe-greeti. 
and  also  colorless ;  G.  =3 '0-8*059,  Bamm.  Resembles  anthophyllite  and  tremolite.  Named 
from  the  locality  at  Edenville,  N.  Y.  (for  analysis,  see  below.)  To  this  variety  belong  various 
pale-colored  amphiboles,  having  less  than  five  p.  c.  of  oxide  of  iron. 

{b)  Shabaoditb  Saussure,  A  thin -foliated  variety,  of  a  light  grass'green  color,  resembling 
much  common  grreen  diallage.  According  to  Boulang^er  it  is  an  aluminous  magnest'a-lirae 
amphibole,  containing  less  than  8i  p.  c.  iron  protoxide,  and  is  hence  related  to  edenite  and 
the  light  green  Pargas  mineral.  DesCloise^ux  observes  that  it  has  the  cleavage,  and  appar- 
ently the  optical  characters,  of  amphibole.  £L=5;  G.=d.  It  fortns,  along  «vith  whitish  or 
greenish  saussurite,  a  rod^ 

AlumiiiOfis  Magnesia' Lime- Iron  Amphibole,  (a)  Pargasite;  {h)  HoiinBLENDB.  Colon 
bright,  dork,  green,  and  bluish-green  to  grayish-black  and  black,  /a  7=124'*  1-124°  20'; 
G.  =3  05-3*47.  Pargasite  is  usually  made  to  include  green  and  bluish -green  kinds,  occurring 
in  stout  lustrous  crystals,  or  granular;  and  /tornblerSle  the  greenish- black  and  black  kinds, 
whether  in  stout  crystals  or  long  bladed,  columnar,  fibrous,  or  massive  granular.  But  no 
line  can  be  drawn  between  them.  Pargaedte  occurs  at  Pargas,  Finland,  in  bluish-green  and 
grayish-block  crystals. 

Composition  shown  by  the  following  analjMa  by  Rammelsberg ;  (1)  from  EdenTiUt;  (D 
Wolfsborg,  Bohemia;  (SjBrerig. 
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SiO,  AlO,  FeOs  FeO  MnO  MgO  CaO  Na^O  E,0  H,0(lffB) 

(1)  51-67  6-75  2-86      2387  12-42  075  084  0-46=^»8-19 

(2)  41-98  14-31  6-81  7-18  14-06  12-66  1-64  164  0-26=»9-10 

(8)     43-28*  6-31  6-62  2172  113  3-62  9  68  314  2-65  0  48=98  68 

•  With  1-01  TiO,. 

Pyr.,  eto, — The  observationa  nnder  pyroxene  apply  also  to  this  species,  it  being  impossible 
to  dlBtinguish  the  varieties  by  blowpipe  characters  alone. 

Diff. — Distinguished  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  cleayage, 
yielding  an  angle  of  124^.  Also  in  colored  yarieties  by  its  dichroism,  when  examined  in  thin 
sections.  Fibrous  and  columnar  forms  are  much  more  common  than  with  pyroxene,  lamellaz 
and  foliated  forms  rare.  Crystals  often  long,  slender,  or  bladed.  Differs  from  the  fibrous 
seoUtes  in  not  gelatinizing  with  acids. 

IwmorplumB  and  Dimorphous  relations  to  Pyroxene. — The  analog^y  in  composition  between 
pyroxene  and  hornblende  has  been  abundantly  illustrated.  They  have  the  same  gfeneral 
formula ;  and  under  this  formula  there  is  but  one  difference  of  any  importance,  viz. ,  that 
lime  is  a  prominent  ingredient  in  aU  the  varieties  of  pyroxene,  while  it  is  wanting,  or  nearly 
•o,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  species  in  crystallization, 
or  their  essential  isomorphism,  was  pointed  out  by  G.  Rose  in  1831,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fundamental  form.  The  prism  /  of  horn- 
blende corresponds  in  angle  to  t-2  of  pyroxene.  Calculating  from  the  angle  / A  /  in  pyroxene, 
87^  5',  the  angle  of  i-2  is  precisely  124"^  80  ,  or  the  angle  /a  /  in  hornblende.  But  while  thus 
isomorphous  in  axial  relations  or  form,  they  are  also  dimorphous.  For  (1)  the  cleavage  in 
pyroxene  is  parallel  to  the  prism  of  87®  6',  and  in  hornblende  to  that  of  124i°.  (2)  The  oocur- 
xiiig  secondary  planes  of  the  latter  are  in  general  diverse  from  those  of  the  former,  so  that  the 
crystals  differ  strikingly  in  habit  or  system  of  modifications.  Moreover,  in  pyroxene  colum- 
nar and  fine  fibrous  forms  are  uncommon ;  in  hornblende,  exceedingly  oommou.  (8)  The 
several  chemical  compounds  under  pyroxene  have  one-tenth  higher  specific  gravity  than  the 
oorresponding  ones  under  hornblende. 

Vom  Rath  has  described  the  occurrence  of  minute  crystals  of  hornblende  in  parallel  posi- 
tion upon  crystals  of  pyroxene  (Vesuvius),  and  in  consequence  of  the  relation  between  the  two 
forms,  thus  brought  out,  suggests  a  change  in  the  commonly  accepted  fundamental  form  ot 
the  latter.  (Jahrb.  Min.,  1876.)  This  association  of  crystals  of  the  two  species  in  parallel 
position  is  not  uncommon. 

.  Obt. — Amphibole  occurs  in  many  crystalline  limestones,  and  metamorphic  granitic  and 
schistose  rocks,  and  sparingly  in  serpentine,  and  volcanic  or  igneous  rocks.  Tremolite,  the 
magnesia-lime  variety,  is  especially  common  in  limestones,  particularly  msgnesian  or  dolomi- 
tic ;  act  indite,  the  magnesia- lime-iron  variety,  in  steatitic  rocks ;  and  brown,  dark-green, 
Mid  black  hornblende,  in  chlorite  schists,  mica  schist,  gneiss,  and  in  various  other  rocks 
(pjenyte,  dioryte,  etc.),  of  which  it  forms  a  constituent  part.  Asbestns  is  often  found  in  con* 
neotion  with  serpentine.  Hornblende  is  often  disseminated  in  black  prismatic  crystals  through 
inbhyte,  and  also  through  other  igneous  rocks,  especially  the  feldspatbic  kinds. 

Anasig  and  Teplitz  in  Bohemia,  Tunaberg  in  Sweden,  and  Pargas  in  Finland,  afford  fine 
specimens  of  the  dark-colored  hornblendes.  Actinolite  in  the  Zillerthal;  tremolite  at  St. 
CSothard,  in  granular  limestone  or  dolomite ;  the  Tyrol ;  the  Bannat,  etc.  Asbe^tvs  is  found 
la  Bavoy,  Silzburg,  the  Tyrol ;  in  the  island  of  Cori?ica.  Some  localities  in  the  U.  S.  are  : — 
Oatlisle,  Pelham,  etc.,  Mass.^  cummingtonite  at  Cummington.  In  Conn.^  white  crystals  of 
tremolite  it  dolomite,  Canaan.  In  N.  York,  Willsboro\  St.  Launronce  Co. ;  Warwick ;  wiUi 
pyroxene  at  E«lenviile;  near  Amity  ;  in  Rossie;  the  VRriety  pargam'ie  in  large  white  czystali 
•t  Diana,  Lewis  Co.  In  Penn.^  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionvillo. 
In  Maryland,  actinolite  and  asbestus  at  the  Bare  Hills ;  atibestus  at  Cooptown. 

Hexagon  ITS. — Described  as  a  new  mineral  by  Goldsmith,  but  shown  by  Kcenig  to  be  only 
•  variety  of  tremolite.     From  Edwards,  St.  Lawrence  Co.,  N.  Y. 

ARFVED80NIT£.^Near  hornblende,  but  contains  alkalies.  Analysis,  Ramm.,  Greenland. 
SiO,  51-22,  AlO,  tr..  FeO,  2:J-75,  FeO  780,  MuO  112,  CaO  208,  MgO  OUO,  Na,0  10-58, 
K,0  0-68,  ign  0lG=08-20.     Greenland ;  Brevig  ;  Arendal. 

Orocidoltte. — Composition  uncertain,  near  arfvedsonite.  Analysis,  Stromeyer,  SiO« 
51-22,  FeO  34  08,  MuO  010.  MgO  248,  CaO  003,  Na^O  707,  HO  4  bO=09-7a  Fibrous, 
asbestus-like.  Sometimes  altered  to  *^ Faserguarz.^*  Color  lavender- blue  or  leek-green. 
Orange  river.  So.  Africa.     Vosges  Mts. 

Gastaldtte.— Monoclinic.  Cleavage  prismatic,  Ia1=  124°  25'  (like  amphibole).  Rjs 
6-7.  G.=d'044.  Color  dark-blue  to  azure-blue.  Streak  greenish-blue.  Q.  ratio  R  :  R  :  81 
=1:2-6:  formula  R,i\:l,Si«0.,7,  with  R=Fe.Mg.Ca.Na,.  Analysis,  Striiver,  SiO,  5855, 
AlOs  21-40,  FeO  004,  MgO  8  02,  CaO  2  03,  Na.O  477,  K,0  tr:=.99-71.  Occurs  in  chloritt 
■late  in  the  valleys  of  AoetA  and  Looano. 

Glauoopha2( G.— Monociinic.    Cleavaire  prismatio,  /  a  I=  124''  51.    H.  r  :6  5.    G.  ^8 *0907 
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Color  blue,  bluish-black.    Q.  ratio  for  bases  to  silicon  1  :  2.     Analysis  from  Zermatt,  V7 
Bodewig,  SiOa  67-81,  AlO,  12  03,  FeO,  2  17,  FeO  5-78,  MgO  13-07,  CaO  2-20,  Na^O  7  38 
-=100- 46.     Also  from  island  of  Syra. 
WiCHTisiTE,  Finland. — Perhaps  Identical  with  glaucopbane. 


BBRTL.* 

Hexagonal.  OaI  =  150°  3';  c  =  0*499.  Habit  prismatic,  the  prism 
often  vertically  striated.  Cleavage :  basal  imperfect ;  lateral  indistinct 
Occasionally  coarse  columnar  and 


large  granular. 

H.  =  7-5-8.  G.  =  2-63-2-76. 
Lustre  vitreous,  sometimes  resin- 
ous. Color  ememld-green,  pale 
fjreen,  passing  into  light-blue,  yel- 
ow,  and  white.  Streak  white. 
Transparent  —  subtranslucent. 
Fracture  conchoidal,  uneven.  Brit- 
tle. Double  refraction  feeble; 
axis  negative. 


532 


I 


Haddam,  Ct. 


Siberia. 


Var. — This  species  is  one  of  the  few  that 
occur  only  in  crystals,  and  that  have  no  es- 

MQtial  variations  in  chemical  composition.  There  are,  however,  two  prominent  groups  depend- 
ent on  color,  the  color  varying  as  chrome  or  iron  is  present ;  bnt  only  the  merest  trace  of  either 
exists  in  any  ciise.  The  crystals  are  osaaUy  oblong  prisms.  1.  Emerald.  Ck>lor  bright 
emerald -green,  owing  to  the  presence  of  chromium.  Hardness  a  little  less  than  for  beryl, 
according  to  the  lapidaries.  2.  Bei'yl.  Colors  those  of  the  species,  excepting  emerald-green, 
and  due  mainly  to  iron.  The  varieties  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  crystals  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
bluish -g^een  kinds  are  called  aqwimarine ;  also  apple-green ;  greenish-yeUow  to  iron-yel* 
low  and  honey-yellow.  DavicUonite  is  nothing  but  greenish -yellow  beryl  from  near  Aberdeen ; 
and  go»henite  is  a  colorless  or  white  variety  from  Goshen,  Mass. 

Oomp— Be3MSi.Oie=Silica6a-8,  alumina  191,  glucina  14-1=100. 

Pyr.,  etc. — B.B.  alone  unchanged  or  becomes  clouded  ;  at  a  high  temperature  the  edges 
are  rounded,  and  ultimately  a  vesicular  scoria  is  formed.  Fusibility =5*5  (Kobell).  Gloss 
with  borax  clear  and  colorless  for  beryl,  a  fine  green  for  emerald.  Slowly  soluble  with  salt 
of  phosphorus  without  leaving  a  siliceous  skeleton.  A  yellowish  variety  from  Broddbo  and 
Finbo  yields  with  soda  traces  of  tin.     Unacted  upon  by  acids. 

Diff. — DlHtinguished  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tourmaline  ;  from  ohrysoberyl  by  its  form,  and  from  euclase  and  topas  by 
its  imperfect  cleavage ;  never  massive. 

Obs. — Emeralds  occur  in  day  slate,  in  isolated  crystals  or  in  nests  (not  in  veins),  near  Muso, 
etc. ,  in  N.  Granada ;  in  Siberia.  Transparent  beryls  {aquamarinea)  are  found  in  Siberia, 
Hindostan,  and  Brazil.  Beautiful  crystals  also  occur  at  Elba ;  Ehrenfriedersdorf ;  Schlacken- 
wald  ;  at  St.  Michacrs  Mount  in  Cornwall ;  Limoges  in  France ;  in  Sweden  ;  Fossum  in  Nor- 
way ;  and  elsewhere. 

Beryb*  of  gigantic  dimensions  have  been  found  in  the  United  Staten,  In  N.  Ilamp.y  at 
Acworth  and  Grafton,  and  in  Mn-98.,  at  Boyalston  ;  but  they  are  mostly  poor  in  quality.  A 
crystal  from  Grafton,  according  to  Prof.  Hubbard,  measures  45  in.  by  24  in  its  diameter,  and 
a  single  toot  in  longLh  by  calculation  weighs  1,07G  lbs.,  makii^  it.  in  all  nearly  2^  tons. 
Other  localities  are  in  Aftss.,  at  Barre ;  at  Goshen  ;  at  Chesterfield.  In  Con?i. ,  at  Jloddam; 
Middletown  ;  at  M:uii8on.     In  Penn,,  at  Leiperville  and  Chester  ;  at  Mineral  UilL 

EuDiALYTi:. — UiiomhohedraL  Color  rose-red.  Exact  composition  uncertain.  Analysis, 
Damour,  S.-O,  50  3«,  ZrO,  15-60,  Ta,0»  0-86,  FeO  6-87,  MnO  1*61,  CaO  9  2:^,  Na^O  13-10, 
CI  1*48,  H-O  1'25=})9'37.  West  Greenland.  SUCOLITE  is  similar,  but  contains  also  soma 
of  the  cerium  metals.     Norway. 

Polldchk.*— :]R,A:lSi«0,a+2aq  with  U  =  mostly  Cs(Na,Li).  If  Na  :  C8=l  :  2,  then 
BiO,  42  6,  A\0.  18  2,  Cs.O  38  4,  Na^O  3-7,  H.O  21=100.  laoinetric  Colorle«.  Island  oH 
Elba  with  castcrite. 
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fi.  Unisilicatiix!    G-enebu.  Fokutla  B^iO«. 
CftTysoUte  Choup. 

OHRTBOUTB.*  OUrlne.     Peridot 
Orthorhombic.     /A  7=  94=  2';   (^A]-i=12S''  28';  <} :  X  :  d  =  1-25SS  ; 
1-0729:1.   OAl-i  =  130*'26f.    ^I 
S8B  6S4  A  I'-i,  ov.  i-i,  =  130"  2'.      Cleavage  1 

i-i  rather  distinct.  Mne&ive  and 
compact,  or  ffi-ainilar;  usually  in 
imbedded  grains. 

H.=6-7.  G.=3-33-3-5.  LuBtre 
viti-eouB.  Color  green — commonly 
olive-greeii,  eoirietimcs  yellow, 
browiiisli,  grayish-red,  grayish- 
green.  Streak  usually  nnc-olored, 
rarely  yellowish,  Tiaiispareiit — 
translucent.     Fi'autni'e  conehoidal. 

Oompi  Var.— (UK,Fe),SiO(.  iritfa  tnceB  at  tinei  at  Hn,  Ca,  NL  The  amoant  of  inn 
variMmnoh.  If  Ug  :  Pe  =  12  :  r,  the  fonnnlik  lequireH  Silica  41 '39,  magDeaia  OO'W,  iion 
protoxide  771=100;  My:  Fe  =  9  :  1,  6  :  1,  etc.,  a:ai  in  hyaU/tiderite  2  :  1. 

Pyr.,  «to. — B.B.  whitens,  bnt  is  iDtumble ;  with  (be  duzen  givei  reactiona  for  iion.  Hya- 
lodderlte  and  other  variEtiea  rich  in  iron  fuse  to  a  black  magnetic  (globule.  Some  rarietiei 
{ire  reaoliaiia  for  titanium  and  manganese.  Decomposed  bf  hydrochloric  acid  vritb  separa- 
tion of  gelatininu  silica. 

sue. — Diattnguisfacd  by  it«  infuaibility.  Commonly  obecired  in  small  yellow  imbedded  graina. 

Oba. — A  commou  constitueDt  of  some  ernptive  rocks ;  sod  hIbo  occurring  in  or  among  tnetk- 
morpbic  rocks,  with  talcose  scbist.  hypersthene  rovkn.  and  terpentine ;  or  as  a  rock  formati<n> ; 
alto  a  oODsCituent  of  many  mettoritea  leg.,  the  Pallas  iron). 

Oomus  in  emptlTe  rocka  at  VijanTina,  Sicily.  Hecla,  Sandwich  Islands,  and  moat  Toloanie 
(■lands  or  regions ;  in  Auvergne ;  at  Uokel,  on  the  Rhiiie ;  at  tbe  Loacher  See ;  in  dolerfta  or 
banlt  in  Canada.  Also  in  labradoriCe  rocka  in  the  ^Vbite  Mountains,  A".  H.  IJiyalotiderite) ;  in 
London  Oo,,  Va. ;  In  Lanoostet  Co. .  Pa.,  at  Wood'a  Mine. 

The  following  are  members  of  the  Chrytciite  Onxip: 

FOBSTBBITE. — MgjSiOi.  Like  ohiTsolita  in  physical  characters.  VfRuvius.  BoLTOKm, 
•nentially  the  same.     Bolton.  Mesa. 

HOHTiCKLLrrB,  from  Mt.  S.<mnia,  and  Batracuitb.  from  tbe  Tyrol,  ace  (Ca,Mg),8iO„ 
withCa:  Mg=l  :  I.  a=6-fi'5.  U.=3'03-S'3.y  MonticelUbe  also  occnrs  in  large  qnantitia 
(t.  Rati.')  rra  the  Penmeda  Alp,  Tyrol,  altered  to  serpeutine  and  fassaite. 

Fatai.ITe.— FejSiO,,  O. =4-414.  Color  black.  In  volcanio  rocka  at  Fayal.AKim; 
3Ionme  Mts,,  Irelaiid. 

noRTONOLiTE,— <Fe,IUg)..SiO„  with  Fe  :  Mg=3  :  2.     O'N'eil  mine,  Ornnge  Co.. 

TEraRorrB-— Mn.SiO,.    0.=4-4-12.    Color  reddish -bi  "       ■      — '   "   ' 

EOBrreitiTB. — An    iron- manganese- linc    chi^'solite. 
darlc-gceen  to  black.    Stiriing  Hill,  N.  J. 

Knkdblitb.— (Fe,Hn).SiO„  witb  Fa  :  Mn  =  I  :  1.     0 


.  N-T. 

Sterling  HilL  N.  J.;  Sweden. 
=5-3-0.     O.=8-U5-4-08.      Coloi 

l'12.     Color  gray.     Dannemonk 


Lkdcophakite,"— Conipo8itiongivenbytheaiiaJTsiH(llamm.}SiOi47-03,  h\0,  1-03,  BoO 
10-70.  CaO  23-37,  MgO  0-17,  Na,0  11  -20.  K.-O  0-30.  P  e-B7=100-43.  Orthorhombic.  O.  = 
2-07.      Color  greenish -j-e How.      Oixura  in  syenite  on  the  island  of  Lamod.  Norway., 

Meliphanitb  (MellnophnQ).— Composition  given  by  the  Buolvsis  (Eamm.)  SiO.  48-06, 
A10i[FeO,)  1  57,  BeO  1174,  CaO  2li-:4,  MgO  Oil.  Na.,0  85.1,  K.O  1*40,  HiO  0-30,  F  5W 
=99-80.     G.=;t01M,     Orthorbombio.     Color  yellow,     Fred  riksviirn,  Nor  ws/. 

WrtBLEIiiTE.— Composition  given  bv  tbe  analvsis  (Itamm.)  SiOi2a-4H,  CbiOil4-41,  ZiOi 
19-68,  OaO20-ia,  FeO(lInOj  2  60,  NB,0  7-TH=e8-93.  Monodinic,  G.=3-41.  OolacUghi 
fallow.     Near  Brerig,  Norw^. 
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WUlemite   Chroujp, 


535 


WITiTjTIMTTE. 

Rhombohedral.  IiAli  =  116*>  1',  (9  A  i?  =  142*^  17' ;  (5  =  0-67378. 
age:  i-2  easy  in  N.  Jersej'  ci^stals;  O  easy  in  those  of  Moresnet 
massive  and  in  disseminated  grains.    Sometimes  fibrous. 

II.=5-5.  G.=3-89-4-18 ;  4*27,  transparent  crystals 
(Cornwall).  Lustre  vitreo-resinous,  latlier  weak.  Color 
whitish  or  green isli-ye How,  when  purest;  apple-green, 
flesh-red,  grayish-white,  yellowish- brown ;  often  dark- 
brown  when  impure.  Streak  uncolored.  Transparent 
to  opaque.  Brittle.  Fracture  conchoidal.  Double 
.efraction  strong;  axis  positive. 


Cleav- 

Alfio 


Var. — The  crystaLs  of  Moresnet  and  New  Jersey  differ  in  occurring 
forms.  The  latter  are  often  quite  larg^,  and  pass  under  the  name  of 
trooatiU;  they  are  commonly  impure  from  the  presence  of  man- 
ganese and  iron. 

Oomp.— Zn2Si04=SUioa  27-1,  zinc  oxide  72-9=100. 

Pyr.,  etc. — B.B.  in  the  forceps  glows  and  fuses  with  difficulty  to 
a  white  enamel ;  the  yarieties  from  New  Jersey  fuse  from  3  '5  to  4. 
The  powdered  mineral  on  charcoal  in  R.F.  gives  a  coating  yellow 

while  hot  and  white  on  cooling,  which,  moistened  with  solution  of  cobalt,  and  treated  in  O^ 
F.,  is  colored  bright  green.  With  soda  the  coating  is  more  readily  obtained.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obs — From  Vieille-Montagne  near  Moresnet ;  also  at  Stolberg ;  at  Baibel  in  Carinthia ; 
at  Kucsaina  in  Servia,  and  in  Greenland.  In  New  Jersey,  at  both  Franklin  and  Stirling  in 
such  quantity  as  to  constitute  an  important  ore  of  zina  It  occurs  intimately  mixed  with 
zincite  and  franklinite,  and  is  found  massive  of  a  great  variety  of  colors,  from  pale  honey- 
yellow  and  light  green  to  dark  ash-gray  and  flesh-red ;  sometimes  in  crystals  {troostUe), 


DIOPTASB.    Emerald-Copper. 

Rhombohedral;  tetartohedral.     i?A^=126°  24';  C>Ai?=:148°  88'; 
c  =  05281.    Cleavage:  H  perfect.    Twins:  twinuing- 
plaiie  li.    Also  massive.  586 

IL=5.  G.=3-278-3-348.  Lustre  vitreous.  Color 
enierald-ffreen.  Streak  green.  Transparent — subtrans- 
lucent.  Fracture  conchoidal,  uneven.  Brittle.  Double 
refraction  strong,  positive. 

Oomp.— Q.  ratio  for  Cn  :  Si  :  H=l  :  2  :  1 ;  formula  HaCnSiO« 
(Ramm.)=: Silica  38*1,  copper  oxide  50*4,  water  11*5=100. 

Pyr.,  etc. — In  the  closed  tube  blackens  and  yields  water.  B.B. 
decrepitates,  colors  tne  flame  emerald-green,  but  is  infusible.  With 
the  fluxes  gives  the  reactions  for  copper.  With  soda  on  charcoal  a 
globule  of  metaUic  copper.    Decomposed  by  acids  with  gelatinization. 

Obs. — Dioptase  occurs  disposed  in  weU-defined  crystals  and  amor- 
phous on  quartz,  occupying  seams  in  a  compact  limestone  west  of  the 
hill  of  Altyn-Tubeh  in  the  Kirghese  Steppes ;  also  in  the  Siberian 
gold-washings.  Prom  Chase  Creek,  near  Clifton,  Arizona,  in  fine 
crystals,  on  a  "  mahogany  ore,*'  consisting  of  limonitc  and  copper  oxide. 

Phenacite. — 3638104.   Rhombohedral.   Colorless.   Resembles  quartz.  Takovaja;  Miask  ; 
Durango,  Mexico. 
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FuiEDELiTB.  — Ehombohedral.  OAR=Wi'*;  ^A£=12d''  42'.  Cleavage:  0  mtxf. 
H.=4.75.  G.=3.07.  ALso  massive,  saccbaroidal.  Color  rose-red.  Translucent.  DoolSi 
refraction  strong,  axis  negative.  Analysis,  SiO^  36.12,  MnO  (F^  tr)  53  05,  MgO,  OaO  2-96, 
lisO  7*87=100  This  corresponds  to  the  formula  Mn4SisOio+2H,0.  If  the  water  is  baon 
as  in  dioptase,  with  which  it  seems  to  be  related  in  form,  the  formula  is  H4Mu48isOib>- 
B38i04.  This  requires  SiO,  3600,  MnO  56*80,  H,0  720=100.  Occurs  with  diallogite  and 
alabandite  at  the  manganese  mine  of  Adervielle,  Hautes-Pyren^es.  (Bertraud,  C.  K.,  May« 
1876.) 


Isometric :  tetmhedral.    Cleavage :  oct^heditil,  in  traces. 

H.=6-6*5.  G.=3'l-3'3.  Lustre  vitreous,  inclining  to  resinous.  Color 
honey-vellow,  inclining  to  yellowish-brown,  and  siskin-green.  Streak  un- 
colored.     Subtranslucent.     Fracture  uneven. 

Oomp.— Q.  ratio  for  B  :  Si=l  :  2  ;  for  Mn  +  Fe  :  Be=l  :  1 ;  formula  3(Be,Mn,Fe)9Si04-f 
(Mn.Fe;S  (Eamm.).  Analysis  by  Teich,  Lupikko,  Finland,  SiOa  80*31,  BeO  10-51,  MnO 
37  87,  FeO  10-37,  CaO  4-72,  ign  0  22,  S  5  95=99-95. 

P3rr.,  etc. — Fuses  at  8  in  R.F.  with  intoroesoence  to  a  yellowish-brown  opaque  bead,  becom- 
ing darker  in  B.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by  hydro- 
chlorio  acid,  with  evolution  of  sulphuretted  hydrogen,  and  separation  of  gelatinous  siliot. 

Obs. — Ooours  in  gneiss  at  S6hwarzenberg  in  Saxony ;  at  Breitenbrunn.  Saxony ;  at  Horte- 
kuUe  near  Modum,  and  also  at  Brevig  in  Norway,  in  zircon-syenite. 

DANAUTB.* 

Isometric.  In  octahedrons,  with  planes  of  the  dodecahedron ;  the  dode- 
eahedral  faces  striated  parallel  to  the  longer  diagonal. 

H.=5'5-6.  G.=3'427.  Lustre  vitreo-resinous.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Translucent.  Fracture  subconchoidal,  uneven. 
Brittle. 

Ck>mp.— 3(Be,Fe,Mn,Zn)aSi04+(Fe,Mn.Zn)S.  Analysis  :  J  P.  Cooke,  Rockport,  SiO, 
81-78,  FeO  27*40,  MnO  626,  ZnO  17-51,  BeO  13  88,  S  548=102  23.  By  subtracting  from 
tlie  analysis  oxygen  2  '74,  equivalent  to  the  sulphur,  the  sum  is  99  -49. 

Pjrr.,  etc. — B.B.  fuses  readily  on  the  edges  to  a  black  enamel.  With  soda  on  charcoal  gives 
a  slight  coating  of  zinc  oxide.  Perfectly  decomposed  by  hydrochloric  acid,  with  evolution  of 
mi^huretted  hydrogen  and  separation  of  gelatinous  silica. 

Obs. — Occurs  in  the  Rockport  granite,  Cape  Ann,  Mass. ,  smaU  grains  being  disseminated 
tti rough  this  rock ;  also  near  Gloucester,  Mass. 

BniiTTrrB  (Kioselwis  nuth.  Germ.), — Isometric,  tetrahedral;  in  minute  crystals  often 
■ggregftted  together.  H.  =4 -5-5.  G.  —  6'106.  Color  grayish- white  to  brown.  Cofnp.  A  uni- 
■ilicate  of  bismuth,  Bi4Si30is.  Schneeberg.  AgricoUte.  Composition  similar,  but  form 
monoclinic.  Occurs  in  globular  masses  having  a  radiated  structure,  and  in  indistinct  groups 
of  ciystala     Schneeberg  (color  hair-brown)  and  Johanngeorg^nstadt  (color  wine-yeUow). 

BiSMDTOKKRKiTE.— Cryptociystalline;  generally  massive.  H.  =35.  G.=4'47.  Colot 
oUve-green.  Analysis  (Fren«el)  SiO,  24<»,  if^eO,  83-12,  Bi,0.  42  83=100.  Schneebeig. 
iflfpoc/darUe  ia  homstone  mixed  with  the  above  mineral  and  other  impurities. 


Garnet    Group. 
OARNX3T.*  Gnmat,  Oerm, 


Isometric;   dodecahedron,  f.  537,  and  the    ti*apezohedron   2-2,  f.   588, 
kho  meet  common  forme;  octahedral  foim   verj  rare.    Distorted  forma 
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Bhown  in  f.  346-352, pp.  105, 106.  Cleavage:  dodecahedral, Eometimeeqaite 
distinct.  Twins:  twiiming-plane  octahedral.  Also  massive;  granalHr, 
coargc,  or  fine,  and  sometimes  friable ;  lamellar,  lamellie  thick  and  bent. 
Also  very  compact,  cryptocrystalliiie  like  saussurite. 


Jl.=:6-5-7-5.  G.=3'15-4'3,  Lustre  vitreous — resinous.  Color  red, 
brown,  yellow,  white,  apple-green,  black ;  some  rud  and  greea  colors  often 
bright.  8treaJc  white.  Ti'aiispai'ent— snbtrftiisliieenc.  Tracture  snbcon- 
choidal,  uneven.  Brittle,  and  soinetiniea  friable  when  granular  massive; 
very  tough  when  compact  cryptocryatulliue.  8ometinieB  doubly  refracting 
in  consequence  of  lamellai'  structure,  or  in  some  cases  fix)m  alteration. 

Comp.,  Vac— Gamet  is  a  imUiliCttte  ol  elemeDte  In  the  sesquioxide  and  protoxide  ctate^ 
hsTJng  the  geDsnU  formiila  Bi^SiiOn.  There  aie  tbree  promineut  groups,  based  on  tlia 
oature  of  the  predominating  sesqaiozide. 

I.  AXUMCIA  QAXSB.T.  in  wbjoh  aiuminuin  (Al)  predominates. 

n.  Irom  oaiuibt,  in  which  iron  (Fe)  prtdommsites,  nsuallj  with  some  aluminum. 

lU.  CUHOUUOAKHETiD  whioh  Ehrornium  (^r)  is  meet  proioinent. 

There  are  the  following  Toiietiea  or  snbspeoies,  based  on  the  predomioouceol  one  ot  uiotlwt 
ol  the  protoiidea  ; 

A.  GKOKSDLAKrrif.  or  Lims-Alumiiui  garnet,  B,  Pvropb,  or  Mmjiiaia-Alwtttrta  gamA. 
C.  AT.UANDrnc.  or  Iron-Aluminn  garnet.  D.  SPBaaAicrrrK,  or  Ma ngintme- Alumina  fjarnet. 
B.  AKDiiAuiTi:,  or  Lima-Iron  garnet,  including  I,  oidinai7 ;  2,  manganeniiLn.  or  HuthoffUt ; 
3,  jttriferoud,  or  TtUr-ganttt.  F.  Bkkdbkbgitk,  or  Ltme-Magnaiia-Jivn  gurnet.  Q. 
OuvAUuviTK.  or  Lime- Chrome gitrnet.  Excepting  the  last,  these  subdivisioosUend  with  ana 
another  more  or  less  completelj. 

A.  Lime-Alumiii'tgirnet ;  QROsauLABiTB.  Cinnamon  stone  A  silicate  mainl7  of  alamluoia 
and  calcium  ;  formola  moatl?  Ca,dlSi,0,,  =  SUica  40-0,  alumma  3:JU  lime  :lT'2=I0a  But 
some  calcium  oFten  replaced  by  irou,  and  thus  graduating  toward  the  Almandite  groap.  Colol 
(1)  white;  l4)  puleffrecn;  (e)  amber-  and  honey-yellow;  (d)  wine -yellow,  brownish- jallow, 
cinnamon- brown :  rarely  {e)  emerald-green  from  the  presence  ol  cliromium.     Q,  =3'4-8'7S. 

B.  Mi-!i»e*iit-Aiumtna  garntt;  Pvkopb.  A  silicate  of  aluminum,  with  varioas  prot««lda 
bases.  a:iiun^  which  maj^csium  predominatea  much  in  atomic  proportions,  while  in  araall  pro- 
portion in  otber  garnets,  or  abaent  Formula  (Hg.Ca.Fo.Hnli.VlSiiO,,.  The  original  pyrope 
ia  the  kind  containing  chromium.  In  the  analynia  of  the  Arendal  iniiciieMla-Bamet,  Mg  :  Oa  t 
Fe  +  Mn  =  ;J  ;  1  :  2;  SiO,  ^Al.  AlO,  23-47.  FeO  «  20,  MuO  U-27.  Mgtt  l:l  4:1,  CaO  (1  53= 
100-41  Wncht.     G,  =3157.     The  name  pynijM  is  from  -•■,•■.■-6:.  Jirf-likf. 

C.  Tron-Alumin'i  garnet ;  Ai.manditk.  A  silicate  mainly  of  nluminnm  and  iron  iFe); 
formula  Fe,.-U3i,0,,  =  Silica  3(1-1,  alumina  20  6.  iron  protoxide  4:|J  =  I00;  or  Ma  may  re- 
place some  of  the  Fe,  and  Fe  part  of  the  M.  Color  Que  deep-reil  aiiJ  trcioBpareot.,  and  thnn 
called  preeiiriu  gurnet  ;  also  brownish-red  and  translucent  or  Bubtnin»iliioBiit,  aiinmoii  gitrntt; 
black,  and  then  referred  to  tot.  m^anit*.  Part  of  eomowrt  gttratt  belongs  to  ths  AndraMt 
group,  or  ia  iron  garnet. 
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D.  Mdnganae-Alumina  garnet;  Spessabtitb.  Color  dark  byncinth-red  (fr.  Spemurt), 
■ometimes  with  a  shade  of  violet,  to  browm'Bh-red.  G.  =3'7-4'4.  Analysis,  Haddiun,  Gt., 
SiO,  86  16,  Al,0,1976,  FeO  1110,  MnO  3218,  MgO  022,  CaO  0o8=100,  Ramm. 

E.  Lime-Iron  garnet ;  Andradite.  Aplome.  Color  varions,  inolading^  wine-,  topaa-, 
9nd  gfreeniBh-yellow  (topazolite),  apple-green,  brownish -red,  brownish -yellow,  grayiah-green, 
dark  green,  brown,  grayish-black,  black.    6.  =3.64-4. 

(yomp. — CajFeSisOij,  this  includes:  (a)  TopaeoUU^  having  the  color  and  transparency  of 
topaz,  and  also  soinetinies  green;  although  resembling  essonite,  Damour  has  shown  that  it 
belongs  here,  {b)  Colop/iomte,  a  coarse  granular  kmd,  brownish-yellow  to  dark  reddish- 
'iroH-n  in  color,  resinous  in  lustre,  and  usually  with  iridescent  hues ;  named  after  the  resin 
oolophonp.  (c)  MeUinite  (named  from  /^>ac,  black),  black,  either  dull  or  lustrous;  but  all 
black  garnet  is  not  here  included.  PyreneUe  is  grayish-black  melanite ;  the  original  afforded 
Vauquolin  4  p.  c.  of  water,  and  was  iridescent,  indicating  incipient  alteration.  (S)  Dark  green 
garnet,  not  distinguishable  from  some  alloohroite,  except  by  chemioal  means. 

F.  Lime-Ma giitsui  Iron  garnet ;  Bredberoitb.  A  variety  from  Sala,  Sweden,  is  here 
included.  Formula  (Ca.Mg)aFeSi30ia= Silica  372,  iron  sesquioxide  33*1,  magnesia  12*4, 
lime  17*3=100.     It  corresponds  under  Iron  garnet  nearly  to  aplome  under  Alumina  garnet. 

G.  Lime-Chrome  garnet ;  Ouvarovite.  A  silicate  of  calcium  and  chromium.  Formula 
Caa6rSis0i3.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  aluminum 
oxide ;  tiiat  is,  1^1 :  6r=  1  :  3  nearly.  Color  emerald-preen.  H.=7'5.  G.  =3 •41-^ '52.  B.B. 
infusible;  with  borax  a  clear  chrome-green  glass.     Named  after  the  Russian  minister,  tJvarof. 

Pyr.,  eto. — Most  varieties  fuse  easily  to  a  light-brown  or  black  glass  ;  F.  =3  in  almandite, 
■pessartite,  grossularite,  and  allochroite  ;  3  '5  in  pyrope ;  but  ouvarovite  is  almost  infusible, 
F.=6.  Allochroite  and  almandite  fuse  to  a  magnetic  globule.  Reactions  with  the  fluxes 
Tazy  with  the  bases.  Almost  all  kinds  react  for  iron  ;  strong  manganese  reaction  in  spessar- 
tite,  and  less  marked  in  other  varieties ;  a  chromium  reaction  in  ouvarovite,  and  in  most  py- 
rope. Some  varieties  are  partially  decomposed  by  acids ;  all  except  ouvarovite  are  decomposed 
after  ignition  by  hydrochloric  acid,  and  generally  with  separation  of  gelatinous  silica.  Deoom- 
posed  on  fusion  with  alkaline  carbonates. 

I>i£^ — Ordinary  garnets  are  distinguished  from  zircon  by  their  fusibility  B.B.,  but  they  foM 
Ues  readily  than  vesuvianite  ;  the  vitreous  lustre,  absence  of  prismatic  structure,  and  usnaUj 
the  form,  are  characteristic ;  it  has  a  higher  specific  graWty  ttan  tourmaline. 

Qbs. — Grarnet  crystals  are  veiy  common  in  mica  schist,  gntiss,  syenitic  gneiss,  and  horn- 
blende and  chlorite  schist ;  they  occur  often,  also,  in  granite,  syenite,  crystalline  limestones, 
sometimes  in  serpentine,  and  occasionally  in  trap  and  volcanic  tufa  and  lava. 

Some  localities  are:  Cin?iainon-8to/ie  {KiMonite),  Ceyiou ;  Mussa-Alp  in  Piedmont. 
Oroui>iarile^  Siberia;  Tellemark,  Norway;  Ural.  Alinandiie,  Ceylon,  Pepru,  Brazil,  and 
Greenland.  Common  garnet  in  large  dodecahedrons,  Sweden ;  Aiendal  and  Kongs'oerg  in 
Norway,  and  the  ZillerthaL  Melanite  at  Vesuvius  and  in  the  Hautes- Pyrenees  {Pyreneiie). 
Aplome  at  Schwarzenberg  in  Saxony.  Spftmartite  at  Spessart  in  Bavaria,  Elba,  at  St  Muoolj 
Piedmont.     I^rope  in  Bohemia,  also  at  ZJblitz  in  Saxony.     Ouvarocite  m  the  Urals. 

In  N.  America  in  Maine,  Phippsburg,  Rumford.  Windham,  at  Brunswick,  etc.  In  N.  Ilamp.^ 
Warren.  In  Mass. ^  at  Carlisle;  massive  at  Newbury*;  ut  Chesterfield.  In  Cann.^  trapezo- 
hedi*ons,  f-1  in.,  in  mica  slate,  at  Reading  and  Monroe  ;  Haddam.  In  N.  York^  at  Roger's 
Book ;  Crown  l^oint,  fissex  Co. ;  at  Amity.  In  N.  Jerney^  at  Franklin.  In  Penn. ,  in  Chester 
Co.,  at  Penusbury ;  near  Knauertown,  at  Keims'  mine;  at  Chester,  brown;  in  LeipervUle, 
cui,  iicar  Wilmington.  In  Calif 07 nia,  in  Los  Angeles  Co.,  in  Mt  Meadows;  ouvarovite  at 
Kew  Idria ;  pyrope.  near  Santa  Fd,  New  Mexico.  In  Canada,  at  Marmora,  at  Grenville ; 
ohrome -garnet  in  Orford,  Canada 

The  cinnamon-stone  from  Ceylon  (called  hyacinth)  and  the  precious  garnet  are  used  as  gems 
when  large,  finely  colored,  and  transparent.  The  stone  is  cut  quite  thin,  on  account  of  the 
depth  of  color,  with  a  pavilion  cut  below,  and  a  broad  table  above  bordered  with  small  facets. 
An  octagonal  garnet  measuring  8^  lines  by  6^  has  sold  for  near  $700.  Pulverized  gamet  is 
sometimes  employed  as  a  substitute  for  emery. 


Vesuviatiite  Oroup, 

ZIRCON.* 


Tetragonal.  OAl-i=147°  22';  6- =  0-640373,  Haidiuger.  /Al=: 
132^10.  Faces  of  pyramids  sometimes  convex.  Cleavage:  /impeifeet, 
1  lesi^  distinct     Also  m  irregular  forms  and  grains. 
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H.=7'5.  G.=405-4-75.  Lustre  adamantine.  Colorless,  pale  yellow- 
ish, grayish,  yellowish-green,  brownish-yellow,  reddisli-brown.  Streak  uii 
colored.  Transparent  to  subtransliicent  and  opaque.  Fracture  conchoidal, 
brilliant.     Double  refraction  stroDg,  positive. 


54S 

1^ 


^•^^5^ 


545 


540 


648 


544 


J 


w 


Sauolpe. 


McDowell  Oo.,  N.  0. 


Var. — The  colorless  and  yellowish  or  pmoky  zircons  of  Ceylon  have  there  been  long  called 
jargons  in  jewelry,  in  allusion  to  the  fact  that,  while  resembllDg  the  diamond  in  lustre,  they 
were  comparatively  worthless ;  and  thence  came  the  name  zircon.  The  brownish,  orange,  and 
reddish  kinds  were  called  distinctiyely  hyaciaUis — a  name  applied  also  in  jewelry  to  some  topai 
and  light-colored  garnet.  , 

Oomp. — ZrSiO 4  =  Silica  !j3,  zirconia  67  —  100.  Elaproth  discovered  the  earth  zirconia  in 
this  species  in  1 7H9. 

Pyr.,  etc. — Id  fusible ;  the  colorless  yarieties  are  unaltered,  the  red  become  colorless,  while 
dark-colored  varieties  are  made  white  ;  some  yarieties  glow  and  increase  in  density  by  igni- 
tion. Not  perceptibly  acted  upon  by  salt  of  phosphorus.  In  powder  is  decomposed  when 
fused  with  soda  on  the  platinum  wire,  and  if  the  product  is  dissolved  in  dilute  hydrochloric 
acid  it  gives  the  orange  color  characteristic  of  zirconia  when  tested  with  turmeric  paper.  Not 
acted  upon  by  acids  except  in  fine  powder  with  concentrated  sulphuric  acid.  Decomposed 
by  fusion  with  alkaline  carbonates  uid  bisulphates. 

Difif. — Distinguished  by  its  adamantine  lustre,  hardness,  and  inf  nsibility ;  the  occurrence  of 
square  prismatic  forms  is  also  characteristic. 

Obs.— Occurs  in  crystalline  rocks,  especially  granular  limestone,  chloritic  and  other  schists ; 
gneiss,  syenite ;  also  in  granite ;  sometimes  in  iron-ore  beds. 

Found  in  alluvial  sands  in  Ceylon ;  in  the  gold  regions  of  the  Ural ;  at  Arendol  in  Norway ; 
at  Fredericksvam,  in  zircon-syenite ;  in  Transylvania ;  at  Bilin  in  Bohemia. 

In  N.  America,  in  N,  York,  at  Moriah,  Essex  Co.,  and  in  Orange  Co.;  in  Warwick;  near 
^bnity  ;  at  Diana  in  Lewis  Go. ;  also  at  Bossie.  In  N,  Jersey,  at  Franklin ;  at  Trenton  in 
gneiss.  In  i^^.  Oar. ,  in  Buncombe  Co. ;  in  the  sands  of  the  gold  washings  of  McDowell  Co. 
In  CaUfornia,  in  the  auriferous  gravel  of  the  north  fork  of  the  American  river,  and  else- 
where.    In  Canada^  at  Gzenville,  etc. 


VB8UVIANITJU.*  Idocrasb. 

Tetragonal.  0  A 14  =  151°  45' ;  c  =  0-537199  (v.  Kokscharof).  O  A 1 
=  142^  46i'  1  A 1,  ov.  1-i,  =  129°  21'.  Cleavage :  /  not  very  distinct,  0 
Btill  less  so.  Columnar  strnctui-e  rare,  straight  and  divergent,  or  irregular. 
Sometimes  granular  massive.  Prisms  usually  terminating  in  the  basal  plane 
0\  rarely  in  a  pyramid  or  zirconoid;  sometimes  the  prism  nearly  wanting, 
and  the  form  short  pyramidal  with  truncated  summit  and  edges. 
20 
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0.=3-349-3-45.  Lustre  vitreona;  often  inclining  to  n- 
inous.  Color  brnwii  to  green, 
and  tlie  latter  frequently  bright 
and  clear ;  oecasioiiallv  eulpbar 
yellow,  and  also  pale  blue ;  some- 
times green  along  the  asie, 
and  piBtacliio-gi-een  transversely. 
StreaV  white.  Snbtransparent — 
faintly  snbtranslucent.  Fraotui-e 
Babconchoidal — nneven.  Double 
refraction  feeble,  axis  negative. 

Oomp.,  Var,— Q.  ratJo  for  B  :  B  :  81= 

4:3:7  (accordiDg  to  the  laMst  iUTMti- 
((ations  of  QnmmeUberg).  H=Oa  (alaa 
Mg,  Fe,  orH,,E,.Na,){  jt  =  :trl  and  also  Fe. 
If  -ae  neglect  the  water  the  empiric*!  for- 
E.{l.ShO,(,  whoM  the  quantivalent  ratio  of  bnscs  to  Biliooo  is  1  ;  I.  The  ratio  of 
ies  moch.  ntiioh,  aa  itated  by  RammeUberg.  [»  tbe  explauatioo  of  tbe  differant 
Analf  «es  by  BammelBber;.     (1)  Honioni ;  {2)  Wilui,  %i>eiin. 


SiO, 

AlO. 

P«0, 

<u 

87  32 

16-08 

8-7U 

(«) 

88-40 

18-73 

5-54 

PeO      MgO 


CaO      Na.O(K.O)      H,0 
85-34  0  18  303= 

33-04  O'Ue  0.82: 


ilOI-O 


Pyii  «to — B.B.  fnMB  at  S  with  intumescence  to  a  greenuh  or  brownish  ghiaa.  Magnm 
itatM  that  the  density  after  foalon  ia  2-83-2  940.  'Wi&  Uie  floiea  gives  reactions  fot  icon, 
And  a  variety  from  St.  MaroelglveeattTonginangBiiesereactioii.  Ojpnne  gives  a  reaction  for 
oopper  with  salt  of  phoapboma.  Partially  decompoaed  b;  bTdrochloric  acid,  and  oompletel/ 
when  the  mineral  has  been  previoiuly  ignited. 

Z>iA — Besemblea  some  brown  varteticB  of  garnet,  tonrmaline,  and  epidote,  tint  its  tetmgonal 
form  and  aoay  fusibility  dietinguisb  it. 

Oba. — yeauTlanit«  was  first  found  among  the  ancient  ejecCJona  of  Veanviun  and  the  dolo- 
mitjo  blocks  of  Somma,  It  has  aince  been  met  with  most  abandanU;  in  gnuiular  limestone ; 
also  in  serpentine,  cblozit«  scbist,  gneiss,  and  related  rocks.  It  ia  often  associuted  witll  lime- 
gamet  and  pyroxene.     It  has  been  observed  imbedded  in  opal. 

Oocnn  at  Vesavius ;  at  Ala.  in  Piedmont ;  at  Monzoni  in  the  FwaaUml ;  near  Chriatianaand, 
Norway  ;  on  tbe  Wilui  river,  near  L.  Baikal ;  in  the  Urals,  and  elsewhere. 

In  N.  America,  in  Maine,  at  Phippsbui^  and  Rumford,  abundant ;  Sandford  (f.  551).  In 
N.   Tin-it,  at  Amit^.     In  jV.  </erj-^.  at  Newton.     In  CnnirAi.  at  Ualumet.  falls;  atQrenviUe. 

HBLILrrs  from  Capo  di  Bove,  and  Hdmboldtimts  from  Mt.  Somma.  are  similar  ia  oom- 

Clon.    AnalyBisoIthemelilite  by  Dam  our.     SiO,  33-34.  :V10,  tjtil,  FeO,  lO'US,  CaOUS-M. 
8-71,  Na,02'12,  K.O  I-51=M-36.     Tetcagonai.    Color  honey-yellow. 


Epidote  Ofoup. 

The  species  of  the  Epidote  Group  are  characterized  by  high  specinc 
gravity,  above  3;  hardness  above  5  ;  fnsibility  B.B.  beluw  4;  aniFoinetric 
crj-stallizatioii,  and  therefore  hiaxinl  {xjlarization  ;  the  doiiiinaiit  prismatic 
angle  112°  to  HT'* }  fibrous  forms,  when  they  occur,  always  brittle  ;  colora 
white,  gray,  brown  yellowish  green,  and  deep  green  to  lihicU,  and  some- 
times reddish. 

Tbe  prismatic  angle  in  aoimte  and  other  orthorhombic  stieoies  Is  /a  / ;  but  iu  epidote  it  U 
the  angle  over  a  horiiontal  edge  between  the  plane*  0  and  ('-(',  the  ortandiugonal  of  epidota 
pormaponding  ta  Uia  vectiral  axil  of  Mtaite,  m  esplaiaed  under  Uie  latt«r  qieeiea. 
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SPIDOTE.    Pistazite. 

Moiioclinic.  C  =  89°  27' ;  i-2  A  t-2  =  63°  8',  (9  A  l-l  =  122*^  23' ;  ? :  J  :  a 
=  0-43436  :  0-30719  :  1.  ON  \i  =  154°  3',  O  A  -1-i  =  154°  15',  xi  A  -  J 
=  104:°  48',  i-iAl  =  104°  15'.  Crystals  iisnaUy  lengthened  in  the  direc 
tion  of  the  orthodiagonal,  or  parallel  to  i-i;  sometimes  long  acicular 
Cleavage:  i-i  perfect;  \-i  less  so.  Twins:  twinning-plane  1-t ;  also  i-i. 
Also  fibrous,  divergent,  or  parallel ;  also  granular,  particles  of  various  sizoe, 
Bometimes  fine  granular,  and  forming  rock-injis?es. 


652 


553 


n.=6-7.  G.=3-25-3-5.  Lustre  vitreous,  on  i-l  inclining  to  pearly  or 
i^sinous.  Color  pistachio-green  or  yellowish-groen  to  h row nit^h -green, 
greenish-black,  and  black  ;  sometimes  clear  red  and  yellow  ;  also  gray  and 
grayish-white.  Pleochroism  often  distinct,  the  crystals  l>eing  usually  least 
yellow  in  a  direction  through  1-i  (see  p.  166).  Streak  uncolored,  gi-ayish. 
Subtransparent — opaque ;  generally  subtranslucent.  Fracture  uneven. 
I^rittle. 


Var. — Epidote  has  ordinarily  a  peooliar  yellowiAh-gn^een  (pistachio)  color,  seldom  found  in 
other  minerals.  Bnt  this  color  passes  into  dark  and  light  shades — black  on  one  side,  and 
brown  on  the  other.  Most  of  the  brown  and  nearly  aU  the  gray  epidote  belongs  to  the  species 
Zoisite  ;  and  the  reddish-brown  or  reddish-black  containing  much  oxide  of  manganese,  to 
the  species  Piedmontite^  or  Manganepidot ;  while  the  black  is  mainly  of  the  species  AWinitt^ 
or  Cerium-epidote. 

Oomp. — Qiiantivalent  ratio  for  Ga  :  ft  :  Si=4  :  9  :  12,  and  H  :  Ca=l  :  4.  The  formula  is 
then  UiCaiKsSieOie.  ii  is  Fe  or  Al,  the  ratio  varying  from  1  :  2  to  1  :  6.  Analysis,  Unter^ 
Bulzbach,  Tyrol,  by  Lndwig:  SiO,  37-8:J,  AID,  22  08,  FeO,  15  06.  FeO  0  93,  CaO  23-27,  U.O 
2*05=100*76.  As  first  shown  by  Ludwig,  epidote  contains  about  2  p.  c.  water,  which  is 
given  oil  only  at  high  temperatures. 

Pyr.,  etc. — In  the  closed  tube  gives  water  at  a  high  temperature.  B. B.  fuses  with  intumes- 
cence at  3-^3  '5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrachloric  acid, 
but  wheu  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion  with  alkaline  car- 
bonates. 

DifiL — Di.stinguiphed  often  by  its  peculiar  yellowish -green  color ;  yields  a  mngnetic  globule, 
B.  B.  Prismatic  forms  often  longitudinally  striated,  but  they  have  not  the  angle,  cleavage, 
or  brittleness  of  tremolite. 

Obs. — Epidote  is  common  in  many  crystaUine  rocks,  as  syenite,  gnein,  mica  Rchist,  horn- 
blcudic  schist,  8cq)entine,  and  especially  those  that  contain  the  ferriferous  mineral  hone- 
blende.  It  often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  It  is  sometimes 
found  in  geoilos  in  trap ;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphism  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  also 
occurs  at  times  in  nodulet  in  ditferent  quartz-ro.  ks  or  altered  sandstones.  It  is  associated 
often  with  quartz,  pyroxene,  feldspar,  axinite,  chlorite,  etc,  in  the  Piedmontese  Al[)s. 

Beautiful  crystallizations  come  from  Bourg  d'Oisans,  Ala,  and  Traversella,  in  Piedmont . 
Zermatl  and  elsewhere  in  Switzerland ;  Monzoni  in  the  Fassathal ;  the  Untersulzbaiihthal  and 
ZiUerthal  in  the  Tyrol 

In  N.  America,  occurs  in  Mass,,  at  Chester ;  at  Athol ;  at  Rome.     In  Conn,»  at  Iladdam, 
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In  N.  Tork,  at  Amity  ;  near  Monroe,  Orange  Co. :  at  Warwick,  In  N.  Jersey,  at  Franklin 
in  Penn.,  at  E.  Bradford.  In  Michigan,  in  the  Lake  Superior  region.  In  CapMda,  at  St 
Jonepb. 

PiEDMONTiTB  (Manganepidot,  Germ.). — A  manganese  epidote ;  formula,  IIXaiRsSieOa«, 
with  R  principally  Mn  (also  :U,Fe).  Color  reddish-brown.  St.  Marcel,  Aoeta  valloj,  Pied- 
mont. 


a 


0 


It. 


ALLANITS. 

Monoclinic,  isomorphous  with  epidote.     C  =  89°  1' ;   ^  A  l-i  =  1 22^  504  \ 

i-2  A  i-2  =  63°   58' ;    c  :  b  :  d  =2 
555  0-483755  :  0-312187  :  1.      Crystala 

either  short,  flat  tabular,  or  long 
and  slender,  sometimes  acicular. 
Twins  like  those  of  epidote.  Cleav- 
age: i-i  in  traces.  Also  massive, 
and  in  angular  or  rounded  grains. 

H.  =5-5-6.     G.=30-4-2r  Lustre 
suhmetallie,  pitchy,  (ir   resinous — 
occasionally  vitreous.     Color  pitch- 
brown  to  black,  either  brownish,  greenish,  grayish,  r)r  yellowish.     Streak 
fray,  sometimes  slightly  greenish  or  brownish.     Subtianslucent — opaque, 
'racture  uneven  or  subconchoidal.     Brittle.     Double  refraction  either  dis- 
tinct, or  wanting. 

Var.—AUanite  {Cerine),  In  tabular  crystals  or  plates.  Color  black  or  brownish-black. 
Q-.rrS^O-S'Oo;  found  among  specimens  from  East  Greenland,  brought  to  Scotland  by  O. 
Oiesecke.  BucMlandite  is  ahhydrous  allanite  in  small  black  crystals  from  a  mine  of  magnetite 
near  Arendal,  Norway.  Referred  here  by  y.  Rath  on  the  ground  of  the  angles  and  physical 
characters. 

Orthite,  Including,  in  its  original  use,  the  slender  or  acicular  prismatic  crystals,  often  a 
foot  long,  containing  some  water.  But  these  graduate  into  massive  forms,  and  some  orthitet 
are  anhydrous,  or  as  nearly  so  as  much  of  the  allanite.  The  name  is  from  ofd6s.  fitraight. 
The  tendency  to  alteration  and  hydration  may  be  due  to  the  slenderuess  of  the  crystals,  and 
the  consequent  great  expoeure  to  the  action  of  moisture  and  the  atmosphere.  H.=6-4J. 
G.  =2  'SO-tJ'  75.     Lustre  vitreous  i  o  greasy . 

Oomp. — Not  altogether  certain,  as  analyses  vary  considerably,  some  showing  the  prescnco 
of  considerable  water.  According  to  Rummclsberg  the  Q.  ratio  for  bases  to  silicon  =  1  :  1 
(epidote=rlJ  :  1).  Allanite  has  then  the  garnet  formula,  UattSiaO,  >.  where  R=Ce(La,Di), 
Fe(Mn),  Ca(Mg),  and  occasionally  Y,Na.i,K,j,  etc.;  K^^Vlorl'^e.  Analysis-,  allanite  (Ramro.), 
Fradrikshaab,  SiC,  3;i-78,  AlO,  1403,  FeO,  03(3,  FeO  18  (53,  CoO  12*03,  LaO(DiO)  5  (37,  CaO 
12-12,  H,0  I  78=100. 

Pyr.,  etc. — Some  yarieties  giye  water  in  the  closed  tube.  B.B.  fuses  easily  nnd  mvells  up 
•  F.=2o)  to  a  dark,  blebby,  magnetic  glass.  With  the  Huxes  reacts  for  iron.  Most  varietice 
galatinizo  with  hydrochloric  acia,  but  if  preyiously  ignited  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feldspathic  granite,  syenite,  zircon-syenite,  porphyrj, 
white  limestone,  and  often  in  mines  of  magnetic  iron.  Allanite  occurs  in  Greenland ;  at 
Criffel  in  Scot.' and  ;  at  Jotun  Fjeld  in  Norway ;  at  Snaiiim,  near  Dresden  ;  near  ttchmiede- 
feld  in  the  Thiiringei-wald.  Ctrine  occurs  at  Bastn^  in  Sweden.  Orthite  occuis  at  Finbo 
and  Ytterby  in  Sweden ;  also  at  Krageroe,  etc. ,  in  Norway  ;  at  Miask  in  the  Ural. 

In  Mass.,  at  the  Bolton  quarry.  In  Conn.,  at  Haddam  In  N,  Y(yi%  Moriah,  Essex  Co.; 
«t  Monroe,  Orange  Co.  In  N.  Jersey,  at  Franklin.  In  l*enn,,  at  E,  Bradford  in  Chester  Co.; 
at  Eastou.     Amherst  Ca,  Va.     In  Can^cuUt,  at  St.  Paul's,  C.  Vi. 

MUROMONTITE  and  BODBNITB  from  Marienbcrg,  Saxony ;  and  Michaelponixe  from 
Breyig,  are  minerals  related  to  allanite. 

ZOI8ITB 

Orthorhombic.     /A  7  =  116^  40',  O  M-i  =  131^  If  ;  v:l:d--^  1-149.^ 
1  1*62125  :  1.     Crystals  lengthened  in  the  direction  of  the  vertical  axis,  auii 
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rerticBl],y  deeply  striated  or  fuii-owed.     Cleavage :  i-i  very  ptrfect.     Com 
moiity  in  cryatalUiie  masses  liiiigitudiiially  fun-owed. 
Also  compaet  massive. 

H.=6-6-5.  G.=311-3-3S.  Lustre  pcml;;-  on  i-i; 
vitreous  oii  surface  of  fracture.  Color  grayish- white, 
^raj',  yelliiwtsh,  brown,  greenish -gray,  apple-gi-eeii ; 
also  |)eauh-l)U>B8oni-i-ed  to  i-ose-red.  Stieak  uiieoloi'cd. 
Transparent  to  siibtraiisiuecnt.  Double  refiaction 
feeble,  optle-axial  plane  i-l;  bisectrix  positive,  Tioiinal 
to  i-l ;  DesCl. 

Var.— LiMG-ZoleiTE.  1,  Ordinary.  Colors  gray  lo  wbite 
and  brown,  3.  Ih-e-nd.  or  ThuUU.  G.=3-124  ;  ftagUa  ;  iliohro- 
imu  Etront^.  eEpGuiall;  in  the  directiaa  of  the  vertical  axis  ;  in  this 
dtiectiou  tuddisli,  tranxcenel;  colorlcBs;  (rom  Norway,  Piedmont. 
.SuiifHiite,  which  ioroiB  with  smatagdite  thccuphotideof  the  Alps, 

Comp.^A  limc-«pidot«,  with  little  or  no  iron,  and  thus  differing  from  epidota.  Q.  ratl^ 
BH  in  epidote,  H:  Cb=1  :  4.  and  Ca  :  R  :  Si  =  4  :  1) :  12.  whence  the  fonnnla  H.,CB.R,Si,0,.. 
Analynifc  Itamm.,  Goshen  (G,  =3-341)  SiO,  40-00,:>10.  30  67,  FeO,  2  fi.  CaO  3301,  MgO 
U4»,  11.0  2-25  =  09  as.  The  araoant  of  iron  nesqnioiide  varies  from  0  to  (t'S!)  p.  a.  ;  if  much 
more  is  present,  amouotiiig  to  a  sixth  at"mic.illy  of  the  protoxido  bases,  the  compound 
appears  to  talce  the  monoclinio  fonn  of  epidote.  instead  of  the  orthochombic  of  EOisile. 

Fyr.,  etc. — B.B.  swells  np  and  fnses  at  ;i-8  ."i  to  a  uhite  blebb;  mans.  Not  de^ompoaed  bj 
acid  ;  when  previoaal;  ignited  gelatinizes  with  byiliochloric  acid. 

Obs — Occurs  at  Saualpe  in  Carinchia  ;  Baireuth  in  the  FichtalgobiTge  ;  Sterzing,  Tyrol ; 
Lake  Geneva;  Schwaizwold;  Arendal,  ete.  In  the  United  States,  foond  in  FermoTtt,  at 
WillHboro  and  Montpelier.  In  Matt.,  at  Goshen,  Chesterfield,  etc.  In  I'ean.,  in  Cheater  O9.; 
«t  ITnionville,  white  ( Uiiionit«).     In  Tann, ,  at  the  Dncktown  copper  mines. 

jADEcrrK  is  one  of  the  kinds  of  pale  green  stones  usrd  in  China  for  making  ornament*,  wd 
pasiiing  under  the  general  name  of  jade  or  nephrit«.  Mr.  Pnmpelly  remarks  that  the  feiUm 
ii  perhaps  the  most  prUed  ot  all  stones  among  the  Chinese.  In  composition  mainly  a  nlioata 
of  aluminum  and  stidium.     In  its  high  speoiQo  gravity  like  Eoidte. 

Gadolinitr. — Monoclinic  [DesCl.).  -  Color  gtecuiKh -black.  Contains  yttrium,  cerium,  aad 
(ranurally  beryllium;  though  the  last  is  sometimes  absent,  through  alteration  (DesCL). 
Sweden  ;  Greenhmd  ;  Norway. 

MoSAMOHlTE. — A  BJIieate  containing  titanium,  oeriDm,  and  oaloium.     Brerig,  Norwaj. 


IXiTATTB.    Lierrite.     Tenite. 

Orthorhombic.    7a  J  =112°  38',  (9  A  1-i  =  146"  W  ;  c  :  b  :  &  =  0-666('9 
1-5004:1.     OaI  =  141''24',  <?A2-i=138'' 29'.    Lateral 
faces   usually  striated  lo»s;itudtiially.     Cleavage :  pai-allel 
til  the  longer  diagonal,  indistinct.     Also  uoluiuuai- 
]iact  massive. 

II.=o-5-6.  G.=3-7-4-2.  Lastre  submetallic.  Color 
iron-black,  or  dark  grayish- black.  Streak  black,  inclining 
X"  green  or  brown.     Opaque.     Fracture  uneven.     Brittle. 

Camp.-  Q  ratio,  for  E-t-H  :  Si  ;  H=9 :  B  :  I.  and  (or  bases,  inolndiug 
liyiirc^n  lo  Silicon  1  :  4  (Stiideler).  Sipdct  by  the  anat^aia  of  entirely 
'iiiulltred  crjBtaU  (6.=4-037)  from  Elba  conflrmB  the  oonclnsionB  of 
sii^deler  in  regard  to  the  presence  of  obemically  combined  water,  and 
adopts  the  same  fnrmnla.  vis.: — HgCagPe,FeSi,Oi,.  This  reqoiiea  : 
Mlica  S9'34.  iron  sesquioxide  19'j(l.  iron  protoxide  35  21,  lime  IS-GU, 
n-iitec  320  =  100;  manganese  protoxide  is  aUu  sometimes  present  in  smaU  quantities.  Bam 
ini'Uberg  considered  the  water  as  due  to  alteration. 
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P5rr.,  etc — B.B.  fuBds  quietly  at  2*5  to  a  black  magnetic  bead.  With  the  fluxes  reacts  foi 
ixon.    Some  varieties  give  also  a  reaction  for  manganese.     Gelatinizes  with  hydrochloric  acid. 

Obs. — Found  in  Elba,  and  at  the  mine  of  Temperino  in  Tuscany.  Also  at  Fossum  and  at 
Skeen  in  Norway ;  in  Siberia ;  near  Andreasberg  ;  near  Predazzo,  Tyrol ;  at  Schneebeig ;  at 
Hebrun  in  Nassau ;  at  Kangerdluai-suk  in  Greenland. 

Reported  as  formeriy  found  at  Cumberland,  B.  I. ;  also  at  Milk  Row  quany,  Scmoryille 
Mass. 

Ardenntte  (Dewalquite). — Near  ilvaite  in  form.  Habit  prismsUiic;  vertically  striated. 
Composition  given  by  the  analyses,  Lasaulx  and  Bettendorf,  SiOa  29*60,  AlOt  23*50,  MiiO 
25-88j  FeO,  t«8,  CaO  1*81,  MgO  3*38,  VjO^  9*20,  ign.  404=9909.  Color  dark  rosin-brown. 
In  thin  splintery  transparent.  Other  varieties,  of  a  bright  stdphur-yellow  color  (but  opaque* 
and  dull),  contain  arsenic  (9*33  p.  c.  As.06)  instead  of  vanadium.  Between  these  two  ex- 
tremes are  a  series  of  compoii!hds  containing  both  arsenic  and  vanadium.  Lasaulx  regards 
the  azsenic-ardennite  as  having  come  from  the  other  through  alteration.  Locality,  Ottrez  ir. 
the  Ardennes,  Belgium.     Roscoelite  (p.  367)  is  another  silicate  containing  vanadium. 


AXINITJEI. 


Triclinic.  Crystals  usually  broad,  and  acute-edged.  Making  m  =  O, 
Pz='I^u=zl\a  (brachyd.) :  h  (macrod.) :  c  =  0-49266  : 1 :  0-45112.  Cleav 
age :  i-i  {y)  quite  distinct ;  in  other  directions  indistinct.  Also  massive, 
lamellar,  lamell»  often  curved  ;  sometimes  granular. 
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Dauphiny. 


Dauphiny. 


Coxnwmll. 


H.  =6-5-7.     G.=3-271,  Haidinger ;  a  Cornish  specimen.     Lustre  highlj 

flassy.  Color  clove-brown,  plum-blue,  and  pearl-ffray;  exhibits  trichroism, 
ififerent  coloi-s,  as  cinnamon- brown,  violet-blue,  olive-green,  being  seen  in 
different  directions.  Streak  uncoloied.  Transparent  to  subtranslucent. 
Fracture  conchoidal.  Brittle.  Pyroelecti-ic,  witii  two  axes,  the  analogue  (L) 
and  antilogue  (T)  poles  being  situated  as  hidicafed  in  f.  558  (G.  Rose). 

Oomp. — Analyses  vary.  If  it  contains  8  p.  c.  water  (Ramm.).  and  if  B-,  replaces  zkl,  then 
it  is  a  nnisilicate  with  the  formtda  RT^^sSiaOs.'*  R=Fe.Mn.Ca.Mg.  and  Ko,  while  ft=Bs,3Vl 
(B,  :  Al=l  :  2).  Analysis' (Ramm.),  Oisans.  Dauphine,  SiOj  4J3  4G,  BO.  5  01,  AlO,  16*33, 
PeO.  2-80,  FeO  (i-TS.  MdO  2-02,  CaO  2019.  M^O  1-73,  K.O  O-ll,  H,0  1-45=101 -08. 

Pyr.,  etc. — B.  \\.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the  O.P.. 
and  fuses  at  2  to  a  dark  green  to  black  glass;  with  borax  in  O.F.  gives  an  am'tthyKtine  DAaa 
(manganese),  which  in  R.  F.  becomes  yellow  (irou).    Fused  with  a  mixture  of  potassium  ti 
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phate  and  fluor  on  the  platiniim  lo^p  colors  the  flame  green  (boron).  Not  deoompoied  bj 
acids,  but  when  previoaslj  ignited,  gelatinizes  with  hydro^oric  acid. 

Ob«i. — Azinite  ooours  &ear  Bourg  d'Oisana  in  Danphiny  ;  at  Santa  Maria,  Switzerland;  at 
Kongsberg ;  in  Normark  in  Sweden ;  in  Cornwall ;  in  Devonshire,  near  Tavistock ;  at  Pluiw* 
burg,  Maine ;  at  Wales,  Maine ;  at  Gold  Spring,  N.  T. 

DANBUBITE.*-Triclinic.  CaB3SiaO.=8iUca  48'8,  boron  trioxide  28*5,  lime  22  7=100. 
Occun  with  feldspar  in  imbedded  masses  of  yellow  color  in  dolomite,  at  Daubury,  Ct. 


ZOLITX].    Gordierite.     Dichroite. 


Orthorhombic     In  stout  prisms  often  hexagonal.     /A  /=  119°  10' 
°  50',  0  A  l-«  =150''  49'.     Cleavage  :  i-i  distinct ;  i4 


and 


501 


60 

and  O  indistinct.  Crystals  often  transversely  divided 
or  foliated  parallel  with  O.  Twins :  twinning-plane 
/.     Also  massive,  compact. 

£[.= 7-7-5.  G.=2-56-2-67.  Lustre  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky-bhie  ;  pleo- 
chroic,  being  often  deep  blue  along  the  vertical  axis, 
and  brownish-yellow  or  yellowish-gray  perpendicular  to 
it.  Streak  uiicolored.  Ti-ansparent — translucent  Frac- 
ture subconchuidal. 

Comp. — Q.  ratio  for  bases  and  silicon  4  :  5  or  1  :  1^.  The  state  of  oxidation  of  the  iron  ii 
•tiU  unascertained,  and  hence  there  is  uncertainty  as  to  the  proportion  between  the  protoxides 
and  sesquioxides.  The  ratio  UBually  deduced  for  B  :  B  :  Si  is  1  :  3  :  5.  The  formula  BjftaSii 
Oj«,  which  corresponds  to  this  ratio,  =,  if  B=Mg,Fe  and  Mg  :  Fe=3  :  1,  Silica  49'4, 
^umina  33*9,  magnesia  8 '8,  iron  protoxide  7*0 =100. 

Pyr.,  etc. — B.B.  loses  transparency  and  fuses  at  5-5*5.  Only  partioUy  decomposed  by 
adds.    Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — lolite  occurs  in  granite,  gneiss,  hornblendic,  chlorite  and  hydro-mica  schist,  and  allied 
rocks,  with  quartz,  orthoclase  or  albite,  tourm«Uine.  hornblende,  andalusite,  and  sometimes 
beryl.  Also  rarely  in  volcanic  rocks.  Occurs  at  Bodenmais,  Bavaria ;  at  Ujordlersoak  in 
Greenland  ;  at  Kra^eroe  in  Norway  ;  Tunaberg  in  Sweden  ;  Lake  Laach.  At  Haddam,  Conn.; 
at  Brimfield,  Mass.;  aUo  at  Richmond,  M.  H. 

Alt. — The  alteration  of  ioUto  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral 
is  most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  For  the  difl- 
tir.guishing  characters  of  the  different  kinds  of  altered  iolite,  see  Finite,  Fahlunitb, 
et^. .  under  Hydbous  Silicate& 


Mica  Cfrotip.* 

The  minerals  of  the  Mica  group  are  alike  in  having  (1)  the  prismatic 
angle  120°  ;  (2)  eminently  perfect  basal  cleavage,  affording  readily  very 
thin,  tough  laminae ;  (3)  potash  almost  invariably  among  the  protoxide 
bases  and  alumnia  among  the  sesquioxide;  (4)  the  crvstalfization  approxi- 
mately either  hexagonal  or  orthorhombic,  and  therefore  the  optic  axis,  or 
optic-axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Sodium  is  sparingly  present  in  some  micas,  and  is  charaoteristic  of  the  hydrous  species 
paragonite  (p.  354).  Lithium,  rubidium,  and  caasium  occur  in  lepidolite,  and  lithium  in  som« 
biotite  Fluorine  is  often  present,  probably  replacing  oxygen.  Titanium  is  found  sparinffly 
in  several  kinds,  and  is  a  prominent  ingredient  of  one  species,  astrophyllite.  It  is  uamulf 
regarded  as  in  the  state  of  titanium  dioxide  replacing  silica ;  but  it  is  here  made  bMJOii 


DKSCBirnrE  hqiebalogt. 


PHLOOOFITZI.* 

Orthorhombic      I A  1=120°,   and   habit  hexagonal.      Prisms   iiBuallj 

oblong  six-aided  prisms,  more  or  less  tapering,  with  irregular 

BS2  aides ;   rarely,  when   small,  with   polished   lateral   planes. 

Cleavage  basal,  liighl)'  eminent.     Not  known  in  compact 

massive  forms. 

H.=2-5-3.  G.=2-78-2-85.  LiistrB  pearly,  often  sub- 
metallic,  on  cleavage  snrface.  Color  yellowish- brown  to 
bi-owuish-red,  with  often  something  of  a  copper-like  reflec- 
tion ;  also  pale  brown isli-yellow,  green,  white,  colorless. 
Transparent  to  translucent  in  thin  folia.  Thin  lainiufe 
tough  and  elastic.  Optical-axial  divergence  S'-SO",  rarely 
less  than  5°. 

Oomp. — The  bwes  include  magneHiDiii  and  little  or  no  iron.  Q.  ratio 
B  :  Si=^l  1  1.  Formula pTobab];(B&niin.)  EiMg>^Si|Ogi=SilJca  40-7S. 
alumina  18-Q3,  mogneBia  3257,  potash  I3'T7=llO. 

Fyr.,  etc. — la  the  closed  tube  gives  a  little  wal«r.  Some  TuietiM 
give  the  reaction  for  llaorine  in  the  open  tube,  while  most  give  little  <a 
no  reaction  for  iron  with  thi.'  Huies.  B.  B.  whitens  and  fnscs  on  the  thin 
edges.  Completely  decomposed  bj  sulpburio  acid,  leaving  the  silica  ia 
thin  scales. 
Ob& — Fhlogopite  is  eapeoiaUf  characteristic  of  serpentine   and  ci^Btalline  limestone  oi 


Ooours  in  limestone  in  the  To^es.  Includes  probably  the  mica  foond  in  limestone  at  Alt- 
Eemniti,  near  Hirachberg  ;  that  of  Boritti,  Brazil,  of  a  golden-yellow  color,  having  the  optical 
angle  6°  30'  and  parallel  to  the  shorter  diagonal  (Grailich) ;  and  a  brown  mica  from  limestona 
of  Upper  Hungary,  affording  Grailich  the  angle  4-5°. 

Occurs  in  New  Yoilc,  at  Uouvemcur ;  at  Pope's  Hills,  St.  Lawrence  Co.  ;  at  Edward* ; 
Warwick;  Satural  Bridge  ;  at  Sterling  Mine,  Monis  Co.,  N.  J,  ;  Nbwton,  N.  J,;  at  St  Jo- 
tome,  Canada ;  at  Burgess,  Canada  West. 

AsFiDOLrrB  (v.  Kobell).  — Approaches  in  oomposition  a  soda-phlogopite.  Oieen.  Foliated. 
ZiUerthal,  Tyrol. 

HAIia&HonnLl.tTB.— Q.  ratio  f or  B  :  fi  :  Si=3  :  1  :  4  (nearly).  Foliated  lilte  the  mioas. 
Color  biouEe-ied.  AnalyaU,  Igelstrom,  SiO,  8850,  MO,  1100,  FeO  373,  HnO  3I'40,  CaO 
8«0,  MgO  15  01,  KiO(Na,0)  531,  ign.  1-60=100.     Paiaberg,  Sweden. 

BIOTITB.* 

Hexagonal (?}.    S AS  =  62" 57' (crystals fr.  Vesnvius,  Ilesaenberg);  c  = 

1*911126.     llabitoEten  monocUiiic.    Prisms  commonly  tabular.    Cleavage: 

basal  highly  eminent.     Often  in  disseminated 

W3  scales,  sometimes  in  massive  aggi-egatious  of 

clea*able  scales. 

II.  =  2o-a.  Q.=2-7-31.  Lustre  splendent, 
and  inoi-e  or  less  pearly  on  a  clcaviige  snrface, 
and  fiametimes  siibnietalUc  when  black ;  lateral 
surfaces  vitreons  when  smooth  and  shininjf. 
Colors  nsnally  green  to  black, often  deep  black 
in  thick  crystal,  and  sometimes  even  in  thin 
lamintB,  nnless  the  laniinee  are  very  thin ;  snob 
Uiin  laminee  green,  bhiod-rcd;  or  brown  b<  transmitted  light;  rarely  whita 
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Stit3ak  uiicolored.  Transparent  to  opaque.  Optically  uniaxial.  Some 
times  biaxial  with  slight  axial  divergence,  from  exceptional  irregularitieSj 
but  the  angle  not  exceeding  5°  and  seldom  1®. 

Comp.,  Var. — Biotite  is  a  magnesia-iron  mioa,  part  of  the  alumiuum  (Al)  being  replacei 
bj  iron  (Fe),  and  Fe  and  Mg  existing  among  the  protoxide  bases.  Black  is  the  prevailing  color, 
but  brown  to  white  also  occur.  The  results  of  analyses  vary  much,  and  for  the  reason  already 
stated — the  non-determination,  in  most  cases,  of  the  degree  of  oxidation  of  the  iron ;  and 
the  exact  atomic  ratio  for  the  species  and  its  limits  of  variation  are  therefore  not  precisely 
understood.  The  Q.  ratio  of  bastes  to  silicon  is  generaUy  1:1,  that  is  the  formula  in  general 
EaSiO*,  where  E=K(Naj,Li,)Fe,Mg(Ca),  or  Al,Fe(aU=:R). 

Analyses:  1,  Ballyeilin;  2,  Vesuvius;  3,  Portland,  Conn. : 

SiO,     AlO,   FeO,     FeO    CaO  MgO    KjO  NaaO    LiiO    ign 

(1)  35-55   17-08    23-70     5  50    3  «8    9-45    035     4  30=99  01,  Haughtoa. 

(2)  40-91   17-79     3-00     7  03    0  30  1904   9  96 =9803,  Chodnew. 

(3)  f  35*61  2003     0-13    2185     llOMnO    6-23    969    0-52      0  93    1  87,  F  0  76,  TiO,  1 -46, 

Cltr.=99-27,  Hawea. 

The  above  analyses  give  the  ratio  of  unisilioatea,  when  the  water  is  neglected ;  in  otihen 
the  ratio  of  1  :  1  is  obtained  only  when  the  water  is  brought  into  account. 

Pyr.,  etc. — Same  as  phlogopite,  but  with  the  fluxes  it  gives  strong  reactions  for  iron. 

Obs. — A  common  constituent  of  many  volcanic  rocks.  Fine  specimens  obtained  at  Ve8n« 
vius;  L.  Baikal;  Zillerthal;  Pargas ;  Miask;  Sala.  Also  from  Greenwood  Furnace,  N.  Y.; 
Moriah,  N.  Y. ;  Easton,  Penn. ;  Topsham,  Me.,  eta 

The  biotite  of  Vesuvius,  according  to  the  optical  examination  of  Hintze,  is  manodmie, 
(See  also  Tsohermak,  Min.  Mitth.,  1876, 187.) 


LEPIDOMEU^NB. 

Hexagonal  (?).  In  small  six-sided  tables,  or  an  aggregate  of  minute  scales. 
Cleavage :  basal,  eminent,  as  in  other  micas. 

H.=3.  G.=30.  Lustre  adamantine,  inclining  to  vitreous,  peai'ly. 
Color  black,  with  occasionally  a  leek-green  reflection.  Streak  grayish- 
green.  Opaque,  or  translucent  in  very  thin  laminae.  Somewhat  brittle,  or 
but  little  elastic.  Optically  uniaxial;  or  biaxial  with  a  very  small  axial 
angle. 

Ck>inp. — ^An  iron-potash  mica.  Q.  ratio  for  bases  and  silicon  1:1;  for  B  :  R.  mostlj  1  :  3, 
but  varying  to  1  to  more  than  3 ;  of  doubtful  limits,  on  account  of  the  doubts  as  to  the  state 
of  the  iron  in  most  of  the  analyses.  Differs  from  biotite  in  the  smaller  proportion  of  prot- 
oxides and  Uttle  Al  and  Mg,  but  appears  to  agree  with  it  in  optical  chaftMsters. 

Pyr.,  etc. — B.B.  at  a  red  heat  becomes  brown  and  fuses  to  a  black  magnetic  globule. 
Elasily  decompofied  by  hydrochloric  acid,  depositing  silica  in  scales.  Analysis.  Cooke,  Book* 
port,  Mass.,  SiO,  39-91,  AlO,  16  73,  FeO,  12  07,  FeO  17-48,  MnO  0-54,  MgO  0*63,  KjO  10-6«, 
Na,0(Li,0)  0-59,  H,0  150,  P  0-45=100. 

Ob8.--Occars  at  Persberg  in  Wermland,  Sweden  ;  at  Abborf orss  in  Finland ;  in  Ireland,  in 
Donegal  and  Leinster  Cos.  ;  at  Ballyeilin,  etc.     Prom  Cape  Ann,  Mass.  (Annite). 

AsTROPiiYLLiTB. — Usually  in  tabular  prisma.  Color  bronze-yellow.  Analysis,  Pisani,  810$ 
83  22,  TiO,  7-66.  iWO,  4  32,  PeO,  4-a5,  PeO  25-48,  MnO  10  70,  MgO  1  37,  CaO  132,  N»aO 
2-71,  KiO  6-29,  HaO  201=9903.     Brevig,  Norway  ;  Kl  Paso  County,  Colorado. 


BSUSOOVrri].    KaligUmmer,  Oerm,* 

Monoclinic  (Tscliermak).  /a/=120^  Cleavage:  basal  eminent, 
occasionally  also  separating  in  fibi^es  parallel  to  a  diagonal.  Twins  :  often 
observable  bj  internal  markings,  or  by  polarized  light  ;  composition  parallel 
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to  1  consisting  of  six  individuals  thus  united ;  sometimes  a  union  of  /  U 
f-i.  Folia  often  aggregated  in  stellate,  plumose,  or  globular  forms ;  cr  it 
scales,  and  scaly  massive. 
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H.=2-2*5.  G.=2*75-3*l.  Lustre  more  or  less  pearly.  Color  white, 
gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-green, 
rarely  rose-red ;  often  different  for  ti-ansmitted  and  reflected  light,  and  dif- 
ferent also  in  vertical  and  transverse  directions.  Streak  uncoloi*ed.  Trans- 
parent to  translucent.  Thin  laminae  flexible  and  elastic,  very  tough.  Double 
refraction  strojig ;  optic-axial  angle  44°-78° ;  the  axial  plane  makes  an  angle 
of  88^  20'  (Tschermak)  with  the  base. 

Oomp. — The  quantivalent  ratio  for  bases  and  silicon  is  generally  4  :  5  (1 .  \W  rarely  3  .  4, 
etc.  Water  is  generally  present,  sometimes  as  much  as  5  p.  o.;  and  the  kinds  oontaining 
from  8  to  5  p.  o.  water  have  beien  referred  to  the  species  margarodUe  (p.  853).     If  the 

I 
water  la  regarded  as  chemioaUy  combined,  that  is,  as  basic,  the  Q.  ratio  f or  B  :  fi  :  Si  is  then 

=1  :  3  :  4  (R  :  81=1  :  1),  also  1  :  6  :  8,  1  :  2  :  4,  1  :  3  :  5,  eta  R  here  is  potassium  (K) 
mostly,  but  also  hydrog^en  (H).  ii=alaminnm  mostly,  also  iron.  Fluorine  is  often  present, 
but  at  most  not  more  than  about  1  p.  c.  Analysis,  Smith  and  Brush,  Monroe,  Ot.,  SiO^  46*50, 
AID,  33-91.  ¥eO,  269,  MgO  090  Na^O  2-70,  KaO  732,  H,0  463,  P  082,  CI  0'31=99-78. 

Pyr.,  etc. — In  the  closed  tube  gives  water,  which  with  brazil-wood  often  reacts  for  fluorine. 
B.B.  whitens  and  fuses  on  the  tfalu  edges  (F.  =5*7,  v.  Kobell)  to  a  gray  or  yellow  glass.  With 
fluxes  gives  reactions  for  iron  and  sometimes  manganese,  rarely  chromium.  Not  decomposed 
by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — Muscovite  is  the  most  common  of  the  micas.  It  is  one  of  the  constituents  of  granite, 
gneiss,  mica  schist,  and  other  related  rocks,  and  is  occasionally  met  with  in  granular  lime- 
ktone,  trachyte,  basalt,  lava;  and  occurs  also  disseminated  sparingly  in  many  fragmental 
xuiika.  Coarse  lamellar  aggregations  often  form  the  matrix  of  topaz,  tourmaline,  and  other 
mineral  species  in  granitic  veins. 

Siberia  affords  laminsB  of  mica  sometimes  exceeding  a  yard  in  diameter  :  and  other  remark- 
able foreign  localities  are  Finbo  in  Sweden,  and  Skutterud  in  Norway.  FuchtUe  or  chromium 
mica  oocurs  at  Greiner  in  tlie  Zillerthal,  at  Passeyr  in  the  Tyrol,  and  on  the  Dorfner  Alp,  as 
well  as  at  Sohwarzenstein. 

In  N.  Hamp. ,  at  Acworth,  Grafton,  etc.,  in  granite,  the  plates  at  times  a  yard  across  and 
perfectly  transparent.  In  Maine,  at  Paris ;  at  Buckfield^  In  Mass. ,  at  Chesterfield  ;  at  Goshen. 
In  Conn,,  in  Portland ;  near  Middletown.  In  N.  York,  near  Warwick;  EdcuvUle ;  in  the 
lown  of  Edwards.  In  Pcnn.,  at  Pennsbury ;  at  Unionville;  Delaware  Co.,  at  Middletown. 
In  Maryland^  at  Jones's  Falls.     In  western  North  Carolina,  where  it  is  mined. 


liEPIDOIilTBi*  Lithia  Mica.     Lithionglimmer,  Oerm, 

Orthorhoiubic.     /A  1  =  120®.    Forms  like  those  of  muscovite.    Cleav- 
age :  basal,  highly  eminent.     Also  massive  scaly-grannlar,  coarse  oi  fine. 
H.=2-5-4.     G.=2*84-3.     Lustre  pearly.     Color  i-ose-red.  violet-gray,  oi 
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lilac,  yellowish,  gravish- white,  white.  Ti-ansUicent.  Optic-axial  angle 
70^-78° ;  sometimes  45°-G0^ 

I 

Comp. — Q.  ratio  for  bases  and  silicon  mostlj  1  :  1^  ;  and  for  B :  B  :  Si=l  :  3  :  G,  or  1  :  4 

I  I 

:  8 ;  the  formula  In  the  latter  case  is  RcAlfSiiaOt*.  B  includes  potassium,  also  Uthiom, 
rubidium,  and  caesium ;  and,  in  the  Zinnwald  mica,  thallium  has  been  detected.  Fluorine  if 
present,  and  the  ratio  to  oxygen  mostly  1  :  12.  Analysis,  Renter,  from  Bozena,  SlOi  50  '43. 
3^0,  2807,  MnO,  0*88,  MgO  1  42,  K,0  10-59,  Na^O  1-46,  Li.O  1*23,  F  4  80=98-94. 

Pyr.,  etc. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with  in- 
tomescence  at  2-3*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish-red  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactioni 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After  fusion, 
gelatinizes  with  hydrochloric  acid. 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins,  and  is  associated  acme- 
times  with  cassiterite,  red,  green,  or  black  tourmaline,  amblyg^nito,  etc.  Found  near  Uto 
in  Sweden  ;  at  Zinnwald  in  Bohemia ;  Penig,  ete.  in  Saxony ;  in  the  Ural ;  at  Bozena  in 
Moravia  ;  on  Elba ;  at  St.  Michael's  Mount  in  Cornwall  In  the  United  states,  at  Paris  and 
Hebron,  Me. ;  near  Middletown,  Conn. 

Named  lepidolite  from  Xe-'/V,  scale,  after  the  earlier  German  name  Sc^iuppenstein^  allading 
to  the  scaly  8tructure  of  the  massive  variety  of  Bozena. 

Cbtophyllite  (Cooke).— Q.  ratio  B  :  fi  :  Si=3  :  4  :  14,  with  B=Fe,Ks,Lia(Na,Bb,CB,)i 
and  B=::il.  Orthorhombic.  In  scales  like  the  micas.  Color  by  transmitted  lighi  emerald 
green.     Capo  Ann,  Mass. 


Scapolite   O-rovfp. 

• 

In  the  species  of  the  Scapolite  group,  the  quantivalent  ratio  varies  from 
1:1:2,  1:2:3,  1:3:4,  to  1:2:4  and  1:2:  6^,  but  the  species  are 
closely  alike  in  the  square-prismatic  forms  of  their  crystals,  in  the  small 
number  and  the  kinds  of  occurring  planes,  and  in  their  angles.  The  species 
are  white,  or  grayish-white,  in  color,  except  w^hen  impure,  and  then  rarely 
of  dark  color ;  the  hardness  5-6*6.  Gr.=2'5-2-8.  The  alkali-metal  present, 
when  any,  is  sodium,  with  only  traces  of  potassium.  An  increase  in  the 
amount  of  alkali  is  accompanied  by  an  increase  in  the  silica. 


BSBIONXTB.* 

Tetragonal :  O  A  1-t  =  156°  18' ;  c  =  0-439.     Sometimes  hemihedral  in 
the  planes  3-3,  the  alternate  being  wanting.     Cleavage  :  i-i 
and  /  rather  perfect,  but  often  interrnptec^ 

lI.=:5-5-6.  G.=2*6-2-74.  Lustre  vitreous.  Colorless 
to  white.  Transparent  to  translucent ;  often  much  ci'acked 
within. 


Oomp.— Q.  ratio  f or  B  :  R  :  Bi=l  :  3  :  3  ;  formula  ReR^Si.O.e.  If  E= 
Ca  :  Na3  =  10  :  1,  and  il=Alj:  thid  is  equivalent  to  Silica  41*6,  alumina 
*il'7f  lime  24  1,  soda  2'6=106.  Neminar  has  found  that  meionite  loses 
1  p.  c.  water  at  a  very  high  temperature,  so  that  B  must  be  also  replaced 
by  Ha ;  his  analysis  ^y^»  approxiu^ately  the  ratio  1:2:3. 

Pyr.,  etc. — B.B.  fuses  wiUi  intumescence  at  3  to  p«  white  blebby  glass. 
Pecoraposed  by  acid  without  gelatinizing  (v.  Bath). 

Obs. — Occurs  in  small  ciystals  in  geodes,  usually  in  limestone  blocks,  on  Monte  Somitta. 
Dear  Naples. 


DnOSlPTtVE   MtMERALOOT. 


rC5^ 


WERNSRITE.*  ScapoUto. 

Tetmgoiial:  (?Al-i  =  156°  14^';  c  =  0i39S.  Often  lieiiiihedrai  tn 
planes  3-3  and  i-2  (p.  30).  Cleavage:  i-i  and  /i-attei 
distinct,  but  ititeiTiipted.  Also  massive,  granular,  ca 
with  a  fuiitt  libixins  appearance ;  eoinetimes  colnir.car. 
il.=5-6.  G.=2-63-2'8.  Luatre  vitreous  to  pearly 
externally,  inclining  to  reeiuouB;  cleavage  and  crosa- 
fractni-e  surface  vitreous.     Color  wliite,  gray,  bluiah, 

f-ecniBh,  and  reddish,  usually  ligiit.    Streak  uncolored. 
ransparaiit — faintly  subtransliicent.      Fracture  sub- 
con  cbuidal.     Brittle. 

Comp.— q.  ratio  for  B  ;  R  :  Si=l  :8:4  (U+R  :  Si^l  :  1); 
fonnnU  BflSi,0.=Ca(N»,)AlBi.O,.  Aaalfids,  v.  Bath.  Pargaa,  SiO,  45'4S,  AlO,  3000, CaO 
17-32,  Hn,0  3-3S,  K,01-3t,  H,01-2Q=98'5d.     Some  vuietles  voi?  widely  from  the  abovB 

tyr^  eto.— B.  B.  tuaea  eaailjr  with  iutamesoeuoe  to  a  white  blebbj  glasa.  Imperfeotl;  d«- 
oomposed  bj  hydiooblorio  add. 

Kff— Iteco^iiied  by  its  square  form  -  resemhlea  feldspar  whpn  massive,  but  baa  a  chuao- 
teriitio  Qbrcos  appaaranoe  oa  the  cUavage  surface  ;  id  u  also  more  fusible,  and  has  a  highei 
^edf  0  ^ravitj. 

Obi. — Ooauls  in  metamoiphio  rooks;  Bometimfs  ia  beda  of  mo^etite  accompanying  limo- 
rtoue.  Some  localities  are:  Arendnl,  Noma;;  Wcrmland  ;  Pacgua.  Fiuluud  ;  L.  Baikal,  eto. 
In  the  (oUoiring  those  of  the  wemerite  and  pkebergite  are  not  yet  distinguished.  In  Matt., 
at  Bolton;  WestSald.  In  Conn.,  at  Monroe.  In  y.  york,  in  Warwick;  'in  Orange  and 
Baaez  Oo. ,  eto.  In  tf.  Jeriey,  at  Fruikliu  and  Newton.  In  Canada,  at  G.  Calumet  Id.  ; 
-at  HnnterBtown ;  Grenville. 

The  following  are  other  members  of  the  tcap^lite  group  : 

SARCOi.rrB,~Q.  ratio  for  B:  R  :  Si=t  :  1  ;  3.  In  mioDte  flesh-red  crystals  at  Wl 
BOQuna. 

PARAKTHrrx. — Q.  ratio=l  :  3  ;  4.  BKBBEHatTS.  Q.  ratio=I  :  3  :  41,  containing  0-8  p. 
o.  soda.  MizzoKiTO..  Q.  ratio=l  :  2  :  G),  containing  10  p.  o.  soda.  In  cryslals  at  Ht.  Somma, 
DlPTRB.  Q.  ratio=l  :  2  :  a,  and  for  Ca  :  Na,  =  l  :  1.  Mariai^ITB.  Q.  ratio=l  :  2  :  6,  and 
farOa:N&,=t  :  2. 


NEtPHEUTB.    Nephalina. 

^zagonal.  (? A  1  =:  135°  55' ;  c  =  0839,  Usual  furins  six-sided  and 
twelve-sided  priBins  with  plane  or  modified  suin- 
raits.  Fig.  56y,8iiininit  planes  of  a  crystal.  Cleav- 
age: /distinct,  0  imperfect.  Also  massive,  coin- 
pact;  also  thin  columnar. 

H.=5  5-6,  G.=2.5-2-05.  Lustre  viti-emis— 
greasy ;  a  little  opalescent  in  some  varieties.  Color- 
Fess,  white,  or  yellowisli ;  alsn  when  massive,  dark- 
tci-eeii,  greenish  or  blnish-gray,  hmwuish  and  brick- 
ed- Transparent — opaijue.  Fi-acture  sulicon- 
clioidal.     Double  refraction  feeble ;  axis  iic^tive. 

Var.— 1.   GUttirn,  or  Sammite.     Vsnall;  in  small  oirstab  oi 
Vesuvius.  grains,  with  vitreous  lustre,  first  found  on  Ht.  Somma,  in  th* 

r^on  of    Tesavins.      Datryri«  and  eoDoUniu   belong    here. 
I.  BaoUle.    In  large  coarse  oiTatala,  or  maasive,  with  a  grvaj  lustre. 
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Compu — Somnwhat  uncertain,  aa  all  analyses  give  a  little  excess  of  silica  beyond  \rbat  ii 

required  for  a  nnisilicate.     Assuming  that  nephelite  is  a  true  unisilicate,  the  Q.  ratio  fox 
I 

B  :  il :  Si=:l  :  3  :  4,  and  the  formula  is  (Na,K)9AlSi30B  (Ramm.);  some  of  the  Naa  being 
replaced  by  Ca.  Analysis,  Scheerer,  Vesuvius,  SiO,  44-03,  AlO,  33-28,  FeO,  (MnO,)  0*65, 
CaO  177.  NajO  15*44,  K,0  4-94,  H,0  0-2l=100-32.  The  variety  Bi4JBoUU  has  the  same 
composition. 

Pyr.,  etc. — B.  B.  fuses  quietly  at  8  '5  to  a  colorless  glass.     Gelatinizes  with  acids. 

Z>m. — Distinguished  by  ite  gelatinizing  with  adds  from  scapolite  and  feldspar,  as  also  fiom 
apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massive  varieties  have  a  character' 
istic  greasy  lustre. 

OIm. — Nephelite  occurs  both  in  ancient  and  modem  volcanic  rooks,  and  also  metamorphio 
rooks  allied  to  granite  and  gneiss,  the  former  mostly  in  glassy  crystals  or  grains  {wmmite)^  the 
latter  massive  or  in  stout  oiystais  (daoUte).  Nephelite  occurs  in  crystals  in  the  older  lavas  of 
Somma ;  at  Capo  di  Bove,  near  Rome ;  in  doleryte  of  Katzenbuckel,  near  Heidelbeig,  eta 
EUeolite  is  found  in  Norway ;  in  the  Umen  Mt«. ;  Urals ;  at  Litchfield,  Me. ;  in  the  Ozark 
Mta. ,  Arkansas. 

Name<l  nepIuUtie  by  Haiiy  (1801),  from  ve^Xv,  a  dovd^  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid;  elcBoUte  (by  Klaproth),  from  ^Aazof,  oU^  in  allusion  to  its  greasy  lustre. 

OiESBCKiTE  is  ^own  by  Blum  to  be  a  pseudomorph  after  this  species  (see  p.  830). 

CANCRiNiTB.^Hexagonal,  and  in  six-  and  twelve-sided  prisms,  sometimes  with  basal  edges 
replaced;  also  thin  columnar  and  massivo.  H.=5-6.  G.  =2 '4^2*6.  Color  white,  gray, 
yellow,  green,  blue,  reddish ;  streak  unoolored.  Lustre  snbvitreous,  or  a  little  pearly  oi 
greasy.     Transparent  to  translucent. 

CoMP.  ^— Same  as  for  nephelite.  with  some  RCOi  and  water.  Analysis,  Whitney,  Litchfield, 
Me.,  SiO,  37  42,  AlO,  2770,  CaO  3-91,  Na,0  20  98,  K^O  067,  00,5-95.  H,0  2-82,  FeO, 
(MnOs)  0-86=100-31. 

Pyb.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.=2)  with  intu- 
mescence to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
nephelite.    Effervesces  with  hydrochlorio  acid,  and  forms  a  jelly  on  heating,  but  not  before. 

Obs. — Found  at  Miask  in  the  Urals;  at  Barkevig,  Norway;  at  Ditro  in  Transylvania 
{dUroyte) ;  at  Litchfield,  Me. 


SODAZilTB. 

Isometric.  In  dodecahedrons.  Cleavage:  dodecahedral,  more  or  loss 
distinct.     Twins  :  see  f.  272,  p.  93.     Also  massive. 

H.  =  5-5-6.  Q.=2'136-2*40l.  Lustre  vitreous,  sometimes  inclining  to 
grciisy.  Color  gray,  greenish,  yellowish,  white  ;  sometimes  blue,  lavender- 
blue,  light  red.  Sub  transparent — translucent  Streak  unr^olored.  Frac* 
ture  conchoidal — uneven. 

Comp.— 3Nav AlSl,08-l-2NaCl= SUica 37  1,  alumina 81  -71,  soda 26 -55,  chlorine  7  81 =101  65 
Oome  vanetien  contain  considerably  less  chlorine. 

Pyr.,  etc. — In  the  closed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  fuaei 
with  intumcHcence,  at  3*5-4,  to  a  colorless  glass.  Deoomponed  by  hydrochlorio  add,  with 
Bcparation  of  g«.'latinous  silica. 

Obs.— Occurw  in  mica  slate,  granite,  pyenite,  trap,  basalt,  and  volcanic  rocks,  and  is  otttm 
afrsociatcd  with  nephelite  (or  elasolite)  and  eudialyte.  Found  in  West  Greenland ;  on  Monta 
Somma;  in  Sicily;  at  Miask,  in  the  Ural;  near  Bre>\g,  Norway.  A  blue  variety  occiri 
at  Litchfield,  Me.,  and  at  Salem,  Mass. 

MiCRosoMMiTK. — Occurs  in  veiy  minute  hexagonal  crystals  in  masses  of  leucitic  lara 
ejected  from  Mt.  Somma.  Composition :  a  unisilicate  of  potasslumi  calcium*  and  aluminaoif 
with  small  quantitiea  of  aodiom  ohloride  and  caleium  sulphate* 
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HADyNiTJhi. 

Isometric  In  dodecahedrons,  octahedrons,  etc.  Cleavage:  dodeeabe- 
dral  distinct.  Commonly  in  rounded  grains  often  looking  like  crjstalfi 
With  a  fused  surface. 

H.=i5*5-6.  G.=2-4-2*5.  Lustre  vitreous,  to  somewhat  greasy.  Colo 
bright  blue,  sky-blue,  greenish  blue ;  asparagus-green.  Sti'oak  slightlv 
bbiish  to  colorless.  Subtraiisparent  to  translucent.  Fracture  flat  conchoi- 
dal  to  uneven. 

Oomp.— 2Nas(Ga>MSi80B+GaS04 ;  if  in  the  silicate  Naa  is  replaced  bj  Ca,  the  atomia 
latio  here  being  5  :  1,  this  gives  Silica  84  18,  alumina  2918,  lime  10*62,  soda  14*69,  snlphnx 
trioxide  11 '88, =100.  A  little  potassium  is  also  often  present. 

Pyr^  etc — In  the  closed  tube  retains  its  color.  B.B.  in  the  forceps  fuses  at  4*5  to  a  white 
glass.  Fused  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  silver.  Decomposed 
bj  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obs. — Occurs  in  the  Vesuvian  lavas,  on  Somma;  in  the  lavas  of  the  Gampagna,  Bome;  in 
basalt  at  Niedermendig  and  Mayen,  L.  Laach,  etc. 

NosFTE  (Nosean). — A  «o(fa-haUjnite ;  2Na3AlSia08  +  NajS04,  with  also  a  little  caldnm. 
Isometric ;  often  g^auuhr  massive.  Common  as  a  microscopic  ingredient  of  most  phonoljtea. 
Lake  Laach,  etc. 

Lapis-lazuli  (Lasurstein,  Oenn,). — Not  a  homogeneous  mineral  according  to  Fischer  and 
Vogelsang.  The  latter  colls  it  ^'  a  mixture  of  graniSdar  calcite,  ekebeigite,  and  an  isometric, 
ultramarine  mineral,  generally  blue  or  violet.**    Much  used  as  an  ornamental  stone. 

LBuorra.* 

Tetragonal,  according  to  v.  Eath.    c  =  0*52637.     Usual  form   as  in 

f.  570,  closely  resembling  a  trapezoliedron.  Twins : 
t winning-plane  2-t ;  ciystals  often  very  complex,  con- 
sisting of  twinned  lamellsB,  as  indicated  by  the  stria- 
tions  on  the  planes.  Often  disseminated  in  grains; 
rarely  massive  granular. 

H.=5-5-6.  5.=2-44-2-56.  Lusti-e  vitreous.  Colo? 
wliite,  ash-gray  or  smoke-gray.  Streak  uncolored. 
Translucent — opaque.  Fracture  conchoidal.  Brittle. 
Optically  uniaxial  ;  double  refraction  weak,  negati\e 
(from  Aquacetosa),  positive  (from  Frascati). 

Oomp. — Formula  K'27^1Si40i]=Silica  55*0,  alumina  28*5,  potash 
21  •5=100.       Q.  ratio  f or  K  :  Al :  Si=l  :  3  :  8,  for  bases  to  silicon  1  :  2. 

P3rr.,  etc. — B.B.  infusible ;  with  cobalt  solution  gives  a  blue  color  (alumina).  Decompoeed 
by  hydrochloric  acid  without  gelatinization. 

Z>iiS^ — Distinguished  from  analcite  by  its  infusibility  and  greater  hardness. 

Obs. — Leucite  is  confined  to  volcanic  rocks,  and  is  common  in  those  of  certain  parts  of 
Europe  ;  also  found  in  those  of  the  western  United  States.  At  Vesuvius  and  some  other 
parts  of  Italy  it  is  tl  ickiy  disseminated  through  the  lava  in  grains.  It  is  a  constituent  in  the 
nephclin-doleryte  of  Merches  in  the  Vogelsberg ;  abundant  in  trachyte  between  Lake  Laach 
and  Andemach,  on  the  Rhine. 

The  question  as  to  whether  the  crystals  of  leucite  belong  to  the  isometric  or  the  tetragonal 
system  has  excited  much  discussion.  Hirschwold  (Tsch.  Min  MittL.,  1875,  227)  shows  that 
while  implanted  crystals  are  sometimes  distinctly  trtrnf/onal,  others,  especially  those  which 
tre  imbedded,  are  as  clearly  uomctriet  while  between  the  two  there  exist  many  tronsitioa 
oasoa  He  claims  that  the  mineral  is  in  fact  ittometrk,  but  having  a  polysymmetric  develop- 
ment, there  existing  a  wide  variadoB  from  ths  isometiio  type.  The  qoeation  cannot  be  aim 
iidi^red  as  entirely  dtoidad. 
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Feldspar  OroujpJ^ 

The  feldspars  are  characterized  by  specific  gravity  below  2*85  ;  harducsi 
6  to  7 ,  fusibility  3  to  5  ;  oblique  or  clinohedral  crystallization  ;  prismatic 
aiiffle  near  120°  ;  two  easy  cleavages,  one  basal,  the  other  brachydiagonal, 
inclined  together  either  90°,  or  very  near  90° ;  cleavage  a  pix)inbient  fea- 
ture of  many  massive  kinds,  and  distinct  in  the  grains  of  granular  varieties, 
giving  them  angular  forms ;  close  isomorphism,  and  a  general  resemblance 
in  the  systems  of  occurring  crystalline  forms;  transition  from  granular 
varieties  to  compact,  homstone-like  kinds,  called  felsites,  which  sometimes 
occur  as  rocks ;  often  opalescent,  or  having  a  play  of  colors  as  seen  in  a 
direction  a  little  oblique  to  t-i ;  often  aveutnrine,  from  the  dissemination 
of  microscopic  crystals  of  foreign  substances  parallel  for  the  most  part  to 
the  planes  O  and  /. 

The  bases  in  the  protoxide  state  are  calcium,  sodium,  potassium,  and  in 
one  species  barium;  the  sesquioxide  base  is  only  aluminum;  the  quantivalent 
ratio  of  S  :  B  is  constant,  1:3;  while  that  of  the  silicon  and  bases  varies 
from  1  :  1  to  3  :  1,  the  amount  of  silicon  increasuig  with  the  increase  of  the 
alkali  metals,  and  becoming  gi-eatest  when  alkalies  are  the  only  protoxides. 

The  included  species  are  as  follows : 


Ciystallization. 

Approx.  Q.  ratio  B,fi,BL 

ANORTOrrB 

Lima  feldspar                   Triclinio 

1:3:4 

liABRADOBrrS 

Lime-soda  feldspar                 '* 

1:3:6 

Htaloprakb 

Baryta-potaah  feldspar     Monodinio 

1:3:8 

ANDKariK 

Soda-lime  feldspar            Triclinic 

1:3:8 

Oliooclaar 

ki              *4                  ti                                                           *» 

1:8:9 

Albfte 

Soda  feldspar                          ** 

1 : 3  :  13 

Obthoclarr 

Potash  feldiq^ar                 Honoolinfto 

1:3:12 

To  the  abore  list  should  be  added,  acoording  to  DesCloixeaoz,  the  iridinic^  potash  feldspar, 
MlCROCLmR,  which  has  the  compositioQ  of  orthoolase. 

The  above  ratios  are  onlj  approximate,  for  the  analyses  show  a  wide  yariation  in  the 
amount  of  silicon,  and  an  exactly  proportionate  variation  in  the  amount  of  alkali ;  the  two 
elements  vary  in  most  cases,  as  has  been  long  reoognixed,  according  to  a  simple  law.  There 
seems  hence  to  be  a  gradual  transition  between  the  suooessive  spedes  ;  but  this  is  due,  in  part, 
to  mixtures  produced  by  contemporaneous  crystallization  (compare  pert/iiU^  p  3^6,  and  tbe 
description  of  microcUiie,  p.  826). 

The  unisilicate  ratio  of  1  : 1  for  bases  and  silicon  is  found  in  anorthite  only,  as  shown  above. 
With  Ca  alone,  as  in  this  species,  the  Q.  ratio  for  Al  and  Si  is  3  :  4 ;  with  Na«  alone,  3  :  12 ; 
snd  for  idnds  containing  combinations  of  the  two,  exact  combinations  of  these  ratios,  mNai : 

nCa,  giving  the  ratio  3  : • 

An  explanation  of  the  above  fact,  and  of  the  variation  in  ratio  shown  by  analjses,  was  offered 
by  Hunt,  and  has  since  been  developed  by  Tschermak.  The  existence  of  two  distinct  tricUnio 
feldspars  is  assumed :  anorthite  CaAlSisOa,  and  albite  NaaiVlSicOjo,  and  the  other  species 
(sometimes  embraced  under  the  general  term  plaoioclabb)  are  regarded  as  due  to  itofncr- 
phous  mixtures  of  these  two  members  is  different  proportions.     They  have  th<rn  the  general 

formula  \  '^'5*  iffj'S'  }•    For Ubradcrite  the  ratio  of  m  :  n  is  mostly  3  :  2,  also  3  :  1,  eta; 

for  andeaite  the  ratio  of  m  :  n  varies  about  1  :  2,  andfor  oligodaee  tbe  ratio  of  m  :  n  is  3  :  Id, 
also  1  :  3,  etc.  In  accordance  with  the  above  formula,  if  Ca  :  Na=6  :  1,  then  iti  :  8i= 
1  :  2-30!* ;  for  Ca  ;  Na=3  :  1,  Al  :  Si=l  :  P257;  for  Ca  :  Na=l  :  1,  Al  :  Si=l  :  8*33  ;  foi 
Oa  :  Na=l  :  3,  Al :  Si=l  :  4  4 ;  for  Ca  :  Na=i  :  6,  Al  :  Si=l  :  5. 

This  method  of  viewing  the  feldspar  spedes  has  the  advantage  of  explaining  the  wide  van*' 
tton  in  their  composition,  and  is  generadly  accepted  among  German  mineralogists.  DesCloi- 
leaux  regEuds  hu  obeenratioos  upon  the  optical  characters  of  the  feldapara  (see  p.  208)  M 
ihowiag  that  th^  aie  in  fact  diaUnet  qieoiea,  and  not  indetermiBato  iaomorphoiia  miictorta 
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OpUeal  properties  of  the  Mdinic  fddtpare. — The  followixig  table  oontains  the  mmo  import 
uA  optical  properties  of  the  feldspar  species  as  determined  bj  DesCloizeaux  (C.  R.,  F^  & 
1875,  and  April  17,  1876).    Bx=Bisectrix. 


Acute  biflectdx. 


AjrOBTHITB. 


always  — 
iPosition      of 
the  Bz.  has 
simplel 


no 

relation  to| 
the  planes 
observed 

ontheciys* 
tala. 


i  ogle  made  bj  the+Bz. 

with  a  normal  to  iri  ig) 

Same,  with  normal  to' 

0{p) I 

Angle  made  by  the  line 

in  wbicb  the  plane  of 

the  optic-axes  cats  i-i, 

with  edge  irl/  Okg^fp). 
Same,  with  edge  i-i  I 

iff'  fn) 

Ordinary  dispersion ^  <  «(— Bx.) 

Parallel  or  perpeadicolar     *     '   '" 

to  plane  of  polarixa 

tion. 


Optic-aidal  angle  (in  air) 

for  rod  rays, 

for  blue  rays. . . . 


incUned. 


84"  W 

85   59' 

(Somma) 


LABBAOoam. 
always  -I- 


30*  40' 
56' 


27^-28= 


i     OUOOOLASX. 

genendly    — 
sometimes  + 

18^  10' 

68« 

Line  parallel 
to  the  edge 
0\i-i. 


37'25-S6  25 

p  >  «(-|-Bx.) 
Crossed;  alao 
slight  in- 
dined. 


88"  15' 

87°  48' 

(Labrador) 


ii 


li 


p  <  «(-hBx-) 
Crossed;  also 
fdight  in* 
dined. 


89^35' 

88' 31' 

(Sunstone, 

Tvedestrand) 


always  -»- 


15^ 
78*^35' 


20** 


alwi^  — 


15**  «^ 


5*6' 


96=^  28'  (front) 
p  <  r(-i-Bx.)  \jp  <  e(+Bx.) 
Indined;    |   BoritonUU 
probably  also  (— Bx.)    alec 


slight  hori- 
zonlaL 

80^39' 

81*  59' 

(Boc   tonrn^; 


indined 

(+Bx.) 

870  54' 

Amazonst'ne, 
Morsinsk. 


The  axial  divergence  is  quite  constant  for  albite,  labradorite,  and  anorthite,  but  varies  for 
oligoclase  even  in  different  sections  token  from  the  same  specimen.  Andesine  (q.  t.)  is 
regarded  by  DesCloizeaux  as  an  altercKi  oligoclase. 

DesCloiseaux  gives  the  following  method  of  distinguishing  beticeen  Vie  fddspars  hj  optica] 
meani :  It  is  necessary  to  obtain  a  trauBparent  plate  parallel  to  the  easiest  cleavage  ( O). 
Such  sections  obtained  from  cry^t^ils  or  lamellar  masses  of  albite,  oligoclase,  labradorite,  and 
the  majority  of  those  of  microcline,  show  hemi tropic  bands,  more  or  lens  close  together, 
arranged  along  the  plane  parallel  to  the  second  cleavage  {i-i) ;  for  ortboclase  and  microline 
in  simple  erystoUs^  two  sections  placed  in  opposite  positions  serve  to  produce  the  same  effect. 
Theee  sections  are  thus  brought  between  the  crossed  Nicols  of  a  polarixation-microscope. 

(1)  For  orUioclase  the  maximum  extinction  takes  place  when  the  two  sections  are  parallel 
to  their  plane  of  contact ;  the  edge  0,  i-l  being  in  the  plane  of  polarization  of  tbe  micro- 
toope. 

(2)  For  microdine^  the  whole  structure  consists  of  a  multitude  of  very  fine  parallel  bands; 
the  section  may  show  microcline  alone,  either  hemitropic  or  not  hemitropic,  or  microcline  and 
ortboclase  ;  tiie  extinction  can  take  place  at  80'  54'  between  the  adjoining  bands  of  the  same 
plate  of  the  made  (microcline  alone),  at  30''  54'  between  the  two  plates  of  the  made  (micro- 
dine  in  bands),  or  at  15'  27'  between  the  adjoining  bands  (microdine  and  ortboclase).    In  the 

*  Unt  cause  the  whole  of  two  lamellae  of  the  made  Hhow  at  the  same  time  an  extinction  oblique 
to  the  plane  of  composition,  belonging  to  the  microcline,  and  one  parallel  to  this  plane  for  the 
ortboclase. 
[ii)  For  albite^  the  extinction  between  two  bands  takes  place  at  an  angle  of  6°  32'. 

(4)  For  oligodase,  the  extinction  is  simultaneous  in  the  two  bands,  and  when  the  plane  of 
composition  coincides  with  the  plane  of  polarization  of  the  polariscope,  it  shows  that  the 
structure  ia  homogeneous.  « 

(5)  For  labradonte^  the  extinction  takes  place  at  10*  24'  between  the  alternate  lines  of  tlie 
hemitropic  lamelle. 

It  follows  from  this  thaft  a  plane  normal  to  the  plane  of  the  axes  cuts  the  base  along  a  line 
naking  with  the  edge  0/i*{  the  following  angles : 

0*  in  ortboclase, 
16*  27'  in  microcline, 
3*  !()'  in  albite, 
5*  12  in  labradorite. 

A  variati<m  of  ODe  tn  two  degrees  from  the  above  mean  angles  was  obeerved  in  wmif 
ipeoimena     See  further  on  p.  420. 
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L — The  feldBpars  are  duitingiiiRhed  from  other  speciea  by  the  charactexa  ahreadj  suiLca. 
prominent  among  which  are  :  cleavage  in  two  directions,  nearly  or  quite  at  right  angles  tc 
each  other  ;  also  hardness,  etc. 

The  triclinic  feldspars  can  in  most  cases  be  distinguished  from  orthoclase  bj  the  fine  stria- 
tion  due  to  repeated  twinning.  This  striation  can  often  be  seen  by  the  unaided  eye  upon  the 
cleavage  face  (0).  And  its  existence  can  always  be  surely  tested  by  the  examination  of  a  thin 
section  in  polarized  light,  the  alternate  bands  of  color  showing  the  same  fact. 

The  separation  of  tiie  different  triclinic  species  can  be  surely  made  by  complete  analysis 
only,  or  at  least  by  the  determination  of  the  amount  of  alkali  present.  The  degree  of  fusi- 
bility, the  color  of  the  flame,  and  the  effect  produced  by  digestion  in  acids,  are  often  import- 
ant aids.     In  the  hands  of  a  skilled  observer  the  optical  examination  may  give  decisive  resultfc 


=  120°  31',  O  A  i-r. 
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ANORTHmS.    Indianite. 

Triclinic.  c:l:d=z  0-86663  :  1-57548  :  1.  /A  i' 
(over  2.i)=94°  10',  OaT  =  114°  6^',  OaI=  110° 
40',  0  A  2-t  =  98°  46' ;  a  =  93°  13^',  /8  =  115°  55^, 
7  =  91°  Hi'  Cleavage :  0,  i-l  perfect,  tlie  latter 
least  »o.  Twins  similar  to  those  of  albite.  Also  mas- 
sive.    Structure  granular,  or  coarse  lamellar. 

H.=-6-7.  G.=2-60-2-78.  Lustre  of  cleavage 
planes  inclining  to  pearly  ;  of  other  faces  vitreous. 
Color  white,  grayish,  reddish.  Streak  uncolored. 
Transparent  —  translucent.  Fiacture  conchoidal. 
Brittle. 


Var. — Arwrtlute  was  described  from  the  glas^  crystals  of  Som- 
ma.    Indianite  is  a  white,  grayish,  or  red^sh  granular  anorthite  from  India,  first  described 
in  1802  by  Count  Boumon. 

Comp.~Q.  ratio  for  B  :  Al :  81=1  :  3  :  4.  Formula  GaAlSi,OB= Silica  43*1,  alumina  30*8, 
lime  20'  1 =100.    The  alkaUes  are  sometimes  present  in  very  small  amounts. 

Pyr.,  etc. — B.B.  fuses  at  5  to  a  colorless  glass.  Decomposed  by  hydrochloric  add,  with 
separation  of  gelatinous  siUca. 

Oba. — Occurs  in  some  granites;  occasionally  in  connection  with  gabbro  and  serpentine 
rocks ;  in  some  cases  along  with  corundum ;  in  many  volcanic  rocks.  Found  in  the  old  lavaa 
in  the  ravines  of  Monte  Somma;  Pesmeda-Alp,  T^ol;  in  the  Faroe  islands;  in  Iceland; 
near  Bogoslovsk  in  the  Ural,  etc. 

Bttownite  has  been  shown  by  Zirkel  to  be  a  mixture.    Bytown,  Canada. 


Triclinic.  IhT^UV  37',  C>  A  i-i  =  93^  20',  Oa /=  110°  50',  (?A/ 
=  113°  34:' ;  Marignac.  Twins  :  similar  to  those  of  albite.  Cleavage :  O 
easy ;  i-l  less  so ;  1  traces.  Good  crystals  rare ;  generally  massive  granular, 
and  in  grains  cleavable ;  sometimes  cryptocrystallinc  or  hornstone-like. 

IL=6.  G.=2*67-2'76.  Lustre  of  O  pearly,  passing  into  vitreous; 
elsewhere  vitreous  or  subresinous.  Color  gray,  brown,  or  greenish,  some- 
times colorless  and  glassy ;  rarely  porcelain- white ;  usually  a  change  of 
colors  in  cleavable  varieties.  Streak  uncolored.  Translucent — subtraim- 
lucent. 


Comp.,  Var. — Q.  ratio  for  B  :  Al :  Si=l  :  3  :  6,  but  varying  somewhat  (see  p.  810). 
Formula  BAiSiaOio;  here  B=Ga  and  Na^.  The  atomic  ratio  for  Na  :  Ca— 2  :  3  generally, 
this  corresponds  to  Silica  52*9.  alumina  30*3,  lime  12*3,  soda  4-5=100. 

Var.  1.   Cusavabts,    (a)  Well  crystallized  to  {b)  maasive.     Play  of  oolcrs  either  wantiiy^,  ■• 
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in  some  oolorlesB  crystals :  or  pale ;  or  deep ;  blue  and  green  are  the  predominant  colors ;  1m1 
Tellow,  dre-red,  and  pearl-gray  also  occur.  By  cutfeii^  very  thin  slices,  parallel  to  i^,  froa 
the  original  labradorite,  they  are  seen  under  the  microscope  to  contain,  besidos  strisB,  great 
numbers  of  minute  scales,  like  the  aventurine  oligoclase,  which  are  probably  gothite  or  hema- 
tite. These  scales  produce  an  aventurine  effect  which  is  quite  independent  of  the  play  of 
colors  which  arises  from  the  interference  of  the  rays  of  light  reflected  by  innumerable  inter- 
nal lamellas  (Rewfeh).  The  various  forms  of  minerals  {micropl^ikites,  micraphyUUeSy  etc. )  en- 
olosed  in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoroughly  investigated 
l^  Schrauf  (Ber.  Ak.,  Wien,  Dec.,  18G0). 

Fyr^  etc. — B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydrochlorio 
ftdd,  generally  leaving  a  portion  of  undecomposed  mineral. 

Obs. — Labradorite  is  a  constituent  of  some  rocks,  both  metamorphic  and  igneous;  e,g,^ 
diabase,  doleryte,  basalt,  etc.  The  labradoritic  metamorphic  rocks  are  most  common  among 
the  formations  of  the  Archsan  or  pre-Silurian  era.  Such  are  part  of  those  of  British  America, 
northern  New  York,  Penn^lvania,  Arkansas ;  those  of  Greerdand,  Norway,  Finland,  Sweden, 
and  probably  of  the  Yosges.  Being  a  feldspar  contaim'ng  comparatively  little  silica,  it  oooon 
mainly  in  rocks  which  include  little  or  no  quartz  (free  silica). 

Kiew  has  furnished  fine  specimens ;  also  Labrador.  It  is  met  with  in  many  places  in 
Canada  East.  Occurs  at  Essex  Co.,  N.  T.  ;  also  in  St.  Lawrence,  Warren,  Scoharie,  and 
Oreen  Cos.  In  Pennsylvania,  at  Mineral  Hill,  Chester  Co. ;  in  the  Witchita  Mts.,  Arkansas, 
etc. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr.  Wolfe, 
a  Moravian  missionary,  about  the  year  1770,  and  was  called  by  the  early  mineralogists  Labra- 
dor stone  {LabradoTtitein)^  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labradorite 
receives  a  fine  polish,  and  owing  to  the  chat  )yant  reflections,  the  specimens  are  often  highly 
beautiful.     It  is  sometimes  used  in  jewelry. 

Maskeltnitb. — Occurs  in  transparent,  isometric,  g^ins  in  the  meteorite  of  Shergottj. 
Same  composition  as  labradorite. 


ANBBSITZ].    Andesine. 

Triclinic.  Approximate  angles  from  Esterel  crystals  (DesCl.) :  O  A  t-t, 
left,  87^-^8%  O  A  /=  111°-112%  OaI'  =  115°,  /A  i-i  =  119°-120°,  TAi-t 
=120^  OA2-i=:101°-102^  Twins:  resembling  those  of  albite.  Sel- 
dom in  crystals.  Cleavage  more  uneven  than  in  albite.  Also  granular 
massive. 

lL=5-6.  G.=2'61-2*74.  Color  white,  gray,  greenish,  yellowish,  flesh- 
red.    Lustre  subvitreous,  inclining  to  pearly. 

Oomp. — Q.  ratio  1:8:8,  but  varying  to  1  :  3  :  7.  General  formula  BAlSiiOis ;  B=Na9and 
Ga  in  the  ratio  1  :  1  to  3  :  1 ;  if  the  ratio  is  1  :  1,  the  formula  corresponds  to  Silica  59 '8,  alu> 
mina  25-5,  lime  70,  soda  7*7=100. 

Pyr.,  etc. — Andesite  fu^es  in  thin  splinters  before  the  blowpipe.  Saccharite  melts  only  on 
thin  edges ;  with  borax  forms  a  clear  glass.     Imperfectly  soluble  in  acids. 

Obs. — Occurs  in  many  rocks,  especially  some  trachytes.  The  original  locality  was  in  the 
Andea,  at  Marmato ;  also  in  the  porphyry  of  TEsterel,  France  ;  in  the  Vosges  Mts.  ;  at  Vap- 
nefiord,  Iceland,  in  honey-yeUow  transparent  crystals,  etc.  In  North  America,  found  iit 
Chateau  Richer,  Canada,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rock ;  color 
flesh-red. 

Andesite  is  regarded  by  DesCloizeaux  as  an  altered  oligoclase,  but  many  careful  analjMi 
|H>int  to  a  feldspar  having  the  composition  given  above. 


Monoclinie,  like  orthoclase,  and  angles  nearly  the  same.  6' =64:®  16', 
Ta  /  =  118°  41',  O  A 14  =130°  65i'.  Cleavage :  O  perfect,  lA  somewhat 
less  s?.    In  small  crystals,  single,  or  in  groups  of  two  or  three. 
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H.-.6-6-5.  G. =2*80,  transparent;  2*905,  translucent.  Lustre  vitreous^ 
or  like  that  of  adularia.  Color  white,  or  colorless;  also  flesh-red.  Trans- 
parent to  translucent 

Oomp. — Q.  ratio  for  B  :  ft  :  Si=l  :  3  :  8.  Formula  (Ba,K,):\:lSi«Oii.  AnalyaiB  of  tayalo* 
phane  from  the  Binnenthal  by  StockarEscher,  SiOa  52*67,  AlOi  31 '12,  HgO  004,  CaO  0*46, 
BaO  15-05,  Na,0  2  14,  KaO  782,  HaO  0  58  =  99  88. 

Pyr.,  etc. — B.B.  fuses  with  difficulty  to  a  blebby  glass.     Unacted  upon  by  acids. 

Obs. — Occurs  in  a  granular  dolomite  near  Imfeld,  in  the  Binnenthal,  Switfdzland ;  also  ul 
Jakobeberg  in  Sweden. 
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Trielinic.    /A  T  =  120^  42',  0  A  U,  ov.  %V  =  93°  50',  (?  A  /=  110*  65', 
On  I  z=  114°  40'.    aeava^ :  O, U perfect, the 
*atter  least  so.     Twins:  similar  to  those  of  albite. 
Also  massive. 

II.  =  G-7.  G.=2-56-2-72;  mostly  2-65-2-69. 
Lustre  vitreo-pearly  or  waxy,  to  vitreous.  Color 
usually  whitish,  with  a  faint  tinge  of  grayish- 
green,  grayish- white,  reddish- white,  greem'sh, 
reddish ;  sometimes  aventnrine.  Ti-anspareiit, 
Bubtranslucent.      Fracture  conchoidal  to  uneven. 

Oomp^  Var.—Q.  ratio  for  B  :  Al :  Si=l  :  3  :  9,  though 
with  some  variations  (see  p.  297).  Formula  RAlSi§0i4f  with 
B=Nas(K9),Ca  The  ratio  of  3  :  1  for  Na  :  Oa  corresponds  in 
this  formula  to  Silica  61*9,  alumina  24*1,  Ume  52.  soda  8'8=100. 

Var.  1.  Cleamble ;  in  crystals  or  massive.  2.  Compact  massive ;  oUgodase-fdsite ;  includes 
part,  at  least,  of  the  so-called  compact  feldspar  or  fdsite,  consisting  of  the  feldspar  in  a  com- 
pact, either  fine  granular  or  flint-like  state.  3.  Atent urine  oligodase^  or  sunsione.  Color 
grayish-white  to  reddish-gray,  usually  the  latter,  with  internal  yeUowish  or  reddish  fire-like 
reflections  proceeding  from  disseminated  crystals  of  probably  either  hematite  or  gothite.  4. 
Moonstone  pt.     A  whitish  opalescence. 

Pyr.,  etc. — B.B.  fuses  at  3*5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon  by 
acidi. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  serpentine,  and  also  in  different  eruptive  rocks. 
It  is  sometimes  assooiated  with  orthoclase  in  granite,  or  other  g^ranite-like  rocks.  Among  its 
localities  are  Pargas  in  Finland  ;  Schaitansk,  Ural ;  in  protogine  of  the  Mer-de-Glace,  in  the 
Alps;  in  fine  crystals  at  Mt.  Somma;  as  sunstons  at  Tvedeskrand,  Norway;  in  Iceland, 
colorless,  at  Hafnefjord  [hafnefiordite).  In  the  United  States,  at  Unionville,  Fa.  ;  also  at 
Haddam,  Gt.  ;  Mineral  Hill,  Delaware  Co.,  Pa. ;  at  the  emery  mine,  Chester,  Mass. 

Named  in  182G  by  Breithaupt  from  h'uyrtr^  little^  and  xa  iu,  to  cleave. 

IVjhermakite  (v.  Kobell). — Supposed  to  be  a  magiiesittfddspar,  but  the  oomoliiaioi] 
was  probably  based  on  the  analysis  of  impure  material.  Later  investigations  (Hawet,  Pisani) 
Bake  it  an  oligoclase.     Oocurs  with  kjerulfine  from  Bamle,  Norway. 
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Trielinic.  / A T'  =  120^  47',  O A i-^  ==  93°  36',  (? A /'  =  114° 42',  OaI 
:=110''50',  0 A 2-«' =  136°  60',  C>a2-2:  =  133°  14'.  Cleavage:  O,  il 
perfect,  the  first  most  so;  1-i  sometimes  distinct.  Twins:  twinning-plane 
i-lj  axis  of  revolution  normal  to  /-^,  this  is  the  most  common  method,  and 
its  repetition  gives  rise  to  the  fine  striations  (p.  91)  upon  the  plane  Oj  whicli 
are  so  characteristic  of  the  trielinic  feldspars ;  twinning-plane,  2-i  (£.  678) 
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aiialc^tiB  lu  the  Baveiio  twins  of  ortlioclase ;  also  twiitninji^-axiB,  ihe  vertical 
axia(l.  S75);  twiniiiiig-axia,  the  niatirodiagoual  axis*  {!>),  the  jtertoHne  twins. 
Double  twins  not  luicoininuii.  Tnie  simple  crystalB  ver^  rare.  Also  mas 
si ve,  either  lamellar  or  granular ;  the  lainiuiH  sometiineo  divergeDt ;  granulai 
vHi'ictics  occasion  all)'  (jiiitc  fine  to  impalpable. 


H.— 6-7.  G.=259-2-65.  Lustre  pearly  upon  a  cleavage  face  ;  vitreona 
ill  other  directions.  Color  whit«,  also  occasionally  bluish,  gray,  reddish, 
gi-eeuish,  and  green ;  sometimes  having  a  bluish  opalescence  or  play  of  colon 
on  0.  Streak  un colored.  Transparent— siibtranslncent.  Fi-actn re  uneven. 
Brittle. 

Oomp.,  Var^-Q.  ratio  Xa  :  M:  8i=l  :  3  :  12  FonDulaKa,:USi,Oi(=SilicKC8-6,  ^lamina 
19'U.  Boda  irS  — 100,  A  snudl  part  of  the  aodiuiu  is  replaced  osually,  if  not  olwajs,  by 
potassium,  and  alBO  bf  calcinm  (bere  Nbi  by  Ca)     But  theae  difieronoea  are  not  extenudly 

kppoFeiit. 

Yar.  1.  OTtUnary.  (a)  In  crrstak  or  cleav&ble  maasive.  The  Angles  vaij  somewbab, 
especially  tai  plane  /'.  (i)  Aventurine  ;  similai  to  aventurine  oligoclase  and  ortboclase.  ifi) 
Mooniloiie  ;  similar  to  moonstoDa  tinder  oligoclaae  and  ortboclaae.  PeristeriU  is  a  wbitiah 
ndularia-like  albite,  alig-btlj  irideeoent,  having  G.  =2030  ;  waaoA  from  ^'piar/pa.  jngton,  Um 
colors  resembling  somewhat  those  of  the  neck  of  a  pigeon,  {d)  Pfrieiine  is  in  larg«.  opaqns, 
n-hite  cryatnla.  tjiort  and  brotid.  of  the  Tonus  in  f.  577  |f.  ^4.  p.  101);  from  the  chlorite  acbitti 
Df  the  Alpv     Lamellar ;  eUaTdnndite,  a  vbite  kind  found  at  CbeaterGeld,  Mobs. 

PjrTi,  etc.— B,B.  fusee  at  4  to  a  colorless  or  white  glass,  imparting  an  mtense  jellow  to  tlM 
flame.     Not  acted  upon  by  acids- 

01m — Albite  is  a  constituent  of  several  roclcs,  as  dioiyte,  etc.  It  occurs  with  ortboclaae  in 
some  granite.  It  ia  common  also  in  gneiss,  and  sometimes  in  tbe  cijstalline  schiate.  Veina 
ot  albitic  granite  are  often  repositorieB  ot  tbe  rarer  gnmite  minerala  and  of  fine  ciystslliw- 
tions  of  geme.  including  beryl,  tourmaline,  allanite,  cotnmbite.  ela  It  occurs  also  in  some 
trachyte,  in  phnnolyte,  in  granular  limestone  in  disiemiuated  crystals,  as  near  Modane  in 
Savoy.  Borne  localities  for  cryshUa  are  :  Scbneeberg  in  Fssseir,  in  simple  crystals  ;  Col  da 
Banhommn  ;  St.  Gothard,  and  elseirbere  in  the  Alps ;  Penig,  etc. .  Saiony  \  Arendsl  \  tire6n- 
Und ;  Island  of  Elba. 

In  the  U.  S.,  in  Maine,  at  Paris.  In  Mwu,.  at  Cbeaterfleld ;  at  Qash''n.  In  6'unn.,  at 
Haddam;  at  MiddletowD.  In  7f.  York,  at  Granville.  Wasbingtun  Co.  \  at  Muiiah,  Esses  Oo. 
In  Pttm..  at  Unionviile.  Delaware  Co. 

Tbe  name  AliiU  is  .jerived  from  aBiiu,  white.  La  allusion  to  its  color,  and  was  glTsn  tha 
ipedes  by  Gabn  and  Betwlius  in  1814 

ling  in  Uiia  com,  mat 
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ORTHOCUISB. 

Monoclinic.  67=  63°  53',  /A  /=  118°  48',  (?  A  1-t  =  153°  28']  i:h:  a 
=  0-844  :  1-5163  :  1.  Oa  14  =  129°  41',  O  a  24  =  99°  38',  O  A  2  =  98^ 
4'.  Cleavage :  O  perfect;  t-t  less  distinct ;  i-i  faint;  also  imperfect  in  th< 
direction  of  one  of  the  faces  /.  Twins:  twinning-plane,  i4  {CarUhad 
twins)  f.  582,  but  the  clinopinacoid  (t-i)  the  corapoeition-face  (see  p.  98) ; 
twinning-plane  the  base  {O)  f.  583 ;  als«j  the  clinodonie,  2-i  {Baveno  tunns), 
as  in  f.  588,  in  which  the  prism  is  made  np  of  two  adjoining  planes  O  and 
two  t-i,  and  is  nearl}'  square,  because  O  A  i-i  =  90°,  and  O  A  2-t  =  135^  3' ; 
I  hi—  169°  28' ;  also  the  same  in  a  twin  of  4  crystals,  f .  587,  each  side  of 
the  prism  then  an  O  (see  also  p.  99).  Often  massive,  granular;  sometimes 
lamellar.  Also  compact  crjpto-crystalline,  and  sometimes  flint-like  or 
jasper-like. 
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Loxoolaae. 

II.=6-6*5.  G.  =  2*44-2*62,  mostly  2'5-2-6.  Lustre  vitreous;  on  cleav- 
age-surface sometimes  pearl}'.  Color  white,  gray,  flesh-red,  common; 
f^reenisli-white,  bright-green.  Streak  uncolored.  Transparent  to  trana- 
ucent.  Fracture  conchoidal  to  uneven.  Optic-axial  plane  sometimes  in 
the  orthodiagonal  section  and  sometimes  in  the  clinodiagonal ;  acute  bisec- 
trix alwavs  nescative,  normal  to  the  orthodiaijonal. 

Oomp.,  Var.— Q.  ratio  for  K  :  Al  :  8i=l  :  3  :  12.  Formula  K3A:lSioO,e=Silica  64*7,  ala- 
mtna  18*4,  potash  16'9=100;  with  sodiam  sometimes  replacing  part  of  the  potassium.  The 
orthoclase  of  Carlsbad  contains  rubidium.  The  varieties  depend  mainly  on  structure,  Taria- 
tions  in  angles,  the  presence  of  soda,  and  the  presence  of  impurities. 

The  amount  of  sodium  detected  by  analyses  varies  greatly,  the  variety  sanidin  (see  below) 
sometimes  containing  6  per  cent.  The  variations  in  angles  are  large,  and  they  occur  some- 
times even  in  specimens  of  the  same  locality.  The  crystallization  is  normally  monocUnki, 
and  the  variations  are  simply  irregularities.  There  are  also  large  optical  variations  in  ortbo- 
clase,  on  which  see  DesCl.  Min.,  l,  329. 

Var.  1.  Ordinary.  In  crystals,  or  cleavable  massive.  Adulnria  (adular).  Transpnrent 
nleivable,  uf^ually  with  pearly  opalescent  reflections,  and  sometimes  with  a  play  of  colors  like 
iabradorite,  though  paler  in  shade.  Moonstone  belongs  in  part  here,  the  rest  being  ^bite  ai::d 
oligoclase.  Sun^tohft^  or  nventurine  feldjtpar :  In  part  orthodase,  rest  albite  or  oligodane 
(q.  V  ).  ^m/i2(77ixt<?/i«.' Bright  verdigris-green,  and  deavable,  mostly  mixtures  of  orthocJaac 
and  microcline  (Dx.).  Kosnig  concludes  that  the  coloring  matter  of  the  Pike's  Peak  amaioa- 
■tone  is  an  organic  compound  of  iron,  which  has  been  infililrated  into  the  mass. 

8anUHn  of  Note,  or  gUmff  fditpar  (indading  maota  of  iSe  lee-^par,  part  of  whidk  ia 
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thite). .  Occnrs  in  transparent  glassy  crjstals,  mostly  tabular  (whence  the  name  from  aaiH^^  i 
board),  in  lava,  pamioe,  trachyt«,  phonolitc,  etc.  Proportion  of  soda  to  potash  varies  from 
1  :  20  to  2  :  1.  RhyaooUte  is  the  same  ;  the  name  was  applied  to  glassy  cr^'stals  from  Mu 
Bomma  (Eisspath,   Wern,), 

ChesterUte.  In  white  crystals,  smooth,  but  feebly  lustrous,  implanted  on  dolomite  in  Cbet' 
ter  Co.,  Penn.,  and  having  wide  variations  in  its  angles.  It  contains  but  little  soda.  .Accord- 
ing to  DesCloizeaux  the  chesterlit^  consists  of  a  union  of  parallel  bauds  of  orthoclrise  and  « 
triclinic  feldspar  of  the  same  composition,  which  he  calls  microcUue  (see  below). 

LoQDOcliMe.  In  grayish-white  or  yellowish  crystals,  a  little  pearly  or  greasy  in  lusti-e.  oftei 
largo,  feebly  shining,  lengthened  usuidlv  in  the  direction  of  the  clinodiagonal.  0  \  7=112' 
80',  Oa/'  =  112*'  50\  iA7'=120"  20,  'O^i-l  (deavage  angle)=90',  Breith.  G.=2-«-2-62, 
Plattner.  The  analyses  find  much  more  soda  than  potash,  the  ratio  being  about  3:1,  but 
how  far  this  is  due  to  mixture  with  albite  has  not  been  ascertained.  From  Hammond,  St 
Lawrence  Co.,  N.  Y.  Named  from  Ao{(f.,  tranfttetse,  and  jrAaw,  /  eUave^  under  the  idea  that 
the  crystals  are  peculiar  in  having  cleavage  parallel  to  the  orthodiagonal  section.  PerthUe, 
A  flesh-red  aventurine  feldspar,  consisting  of  interlaminated  albite  and  ortbociase,  as  shown 
by  Breithaupt.     From  Peith,  Canada  East. 

Compact  ORTnocLASK  or  ORTnoCLASE-FELSiTE. — This  crypto-crystalline  variety  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  red.  There  are  two  kinds 
{a)  Utie  jaaper-likej  with  a  subvitreous  lustre  ;  and  ib)  the  ceratoid  or  toax-Uk^,  with  a  waxy 
lustre.  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  distinguished  by  the  fusi- 
bility. The  orthoclase  differs  from  the  albite  felsite  in  containing  much  more  potash  than 
soda.     The  Swedish  naktne  Hdileflinta  means /(the  flinf-. 

Pyr^  etc. — B.B.  fuses  at  5  ;  varieties  containing  much  soda  are  more  fusible.  Loxoclase 
fuaes  at  4.     Not  acted  upon  by  acids. 

Ob«. — Orthoclase  is  an  essential  constituent  of  many  rocks ;  here  are  included  gpituiite, 
gneiss,  and  mica  schist;  also  syenite,  trachyte,  phonolyte,  etc.,  etc. 

Pine  crystals  are  found  at  Carlsbad  in  Bohemia;  Kathprinenbnrg,  Siberia  ;  Arendal,  Nor- 
way ;  Baveno  in  Piedmont;  in  Cornwall ;  in  the  Urals  :  the  Mourne  mountains,  Ireland,  etc.; 
in  the  trachyte  of  the  Drachrnfels  on  the  Rhine.  In  the  U.  States,  orthoclase  is  found  in 
If.  Hamp,^  at  Acworth.  In  Conn.,  at  Haddam  and  Middletown.  In  N.  York^  at  Kossie  ; 
in  the  town  of  Hammond;  in  Lewis  Co.;  near  Natural  Bridge  ;  in  Warwick;  and  at  Amity 
and  Edenville.  In  Penn.^  in  crystals  at  Leiperville,  Delaware  Co.,  etc.  In  N.  Car.^  at 
Washington  Mine,  Davidson  Co.;  beautiful  Amazoustone  at  Pike's  Peak,  Col.  Massive  ortho- 
clase is  abundant  at  many  localities. 

MiCROCLiNE.*  A  tridinic  potufth  feldspar. — The  name  mkrodinc  was  originally  given  by 
Breithaupt  to  a  whitish  or  reddish  feldspar  from  the  zircon -syenite  of  Fredericksvam  and 
Brevig,  Norway,  on  the  ground  that  it  was  tridinic.  It  was  shown  by  DesCloizeaux  that  this 
feldspar  was  merely  a  variety  of  orthoclase  remarkable  for  its  large  amount  of  soda.  Recently 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  found  in  the  midst  of  gran- 
ites, pegmntite,  and  gneiss,  which  is  shown  both  by  the  angle  between  its  cleavage  planes, 
and  aJso  by  its  opticsd  properties,  to  be  really  tridinic. 

Form  generally  like  that  of  orthoclase.  Cleavage  basal  and  clinodiagonal.  and  also  ea^ 
parallel  to  both  prismatic  faces (i  and  7');  for  the  optical  properties  see  p  298.  Often  asso- 
ciated with  orthoclase  in  regular  parallel  bands,  especially  in  the  amazoustone  ;  albite  is  also 
iiometimes  present,  though  irregularly.  Analysis  of  a  '*  pure  microcline  '*  from  Magnet  CoTS 
byrisani.     G.=2-54. 


SiO, 

AlO, 

FeO, 

K,0 

Na.O 

ign. 

04  30 

19-70 

0-74 

15-60 

0-48 

0-35=101  17 

rhe  association  of  orthoclase  and  microcline  was  observed  in  specimens  from  the  llmen 
Mts.:  Urals;  Arendal ;  Greenland;  Labrador;  Leverett^Mass.;  Delaware,  Chester  Co.,  Penn.; 
Pike  a  Peak,  CoL  The  purest  microcline  was  that  of  a  greenish  color  from  Magnet  Core, 
Ark. ;  it  enclosed  oiystals  of  seginte,  and  was  not  mixed  with  orthoclase. 

S^BSILICi^TE9. 

Humite  or  Chondrodiie  Gronp^  inclnding  three  snli-species : 

L  Humite;  IL  Ohondrodite;  III.  Clinohumite. 

The  existence  of  three  types  of  forms  among  the  crystals  of  humite  (Vesuvius)  wd#  <9ail| 
dumn  by  Scaochi ;  they  have  since  then  been  farther  investigated  by  vom  Bath  (Pogg.  Erg  . 
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Bd.  T.,  821,  1871 ;  Ibid.,  tL.  385,  1873).  The  chemical  identity  of  the  species  hnmito  ui) 
cboadrodita  was  shown  by  llaniinelsber^  ;  latei  Kokscbarof  proTOd  that  the  d^^Mals  of  chou- 
drodita  from  Purgns,  Ftnland.  were  ideutical  in  form  and  angles  with  Scaoohi's  type  II.  of 
bnmite.  and  the  same  bos  niau  been  shown  of  the  Swedish  crysuds  bj  vom  Bath.  In  I8Tfi 
ths  author  described  ctjatals  of  ohondrodite  from  BtcwHtcr.  N.  Y, ,  belonginji  to  eauh  of  the 
throe  tjpes  of  humite  ;  he  showed,  moreovec.  tben  and  later  (Feb.,  IttTU),  that  oontiaiy  t« 
what  had  been  previuii  91}'  ossamed,  theciyHtulti  of  both  type  IL  nnd  type  III,  veie  monodinie, 
not  orthprhomUc.  De!iCli>i7^-auK  aod  KlL-i<i  hnvu  since  proved  (Jahib,  Min..  187(1,  No.  U> 
the  mouooluiic  charactei  of  type  III.  of  the  VesnTiun  huiait«.  and  tbe  former  that  of  thr 
Swedish  crystals  (typo  II.) ;  he,  moreover,  proved  the  orthorhombic  character  of  the  eiyatak 
of  type  L,  Veaavios.  In  accordance  with  these  tacts  DetiCloizeaux  has  proposed  that  the  Utteu 
lypea  be  regarded  aa  distinct  species,  with  tbe  names  given  above. 


Ortborhombie.  Ilolohedral.  J-2  (o»)  Ai  2  =  130°  19';  (? (yl)  A 3-i (t')  = 
102°  48';  OAl-i(«')=:l-i4°16';  0  A  S-i (e*)  =  103' 47' ;  (?  a  M  (<^  =  li(f 
21';  Oa1-2(»')  =  121°  44'.  Twins:  twiimiug-plaiie  |4,  also  f  i.  in  both 
caaee  the  angle  of  the  liorizoiital  priem  is  nearly  120°.  Optic-axial  plain; 
parallel  to  tlte  base,  acute  bisectrix  positive,  iiunual  to  t-l.  Dtepereioi.' 
almoBt  zero.     2Ha  =  7»'  18'-79°  tor  red  rajB.     (DesCl.) 


Monoclinic.  ^A*=122°  29';  AAe'=l09'  5';  A  A  e*' =  108"  58'; 
A:n'>=  103°  13' ;  .,4  A n''  =  103°  9' ;  AAr'  =  135°  20' ;  A  Ar>  =  125* 
50':   (7A/^  =  146°24';   CA;i' =  135°  40':   t7An»' =  135' 41'. 

Ihe  lettci-8  (those  employed  by  Seacchi)  eorreepond  to  the  followittg 
■ymbols  •- 

A=  O    i  =  1  -i   e"  =  —2-1   n»  =  — 2   r'  =  — J-ft   t*=  -  j-S    m*=  —64. 


C  =  i-)    »■*=  H   e"=      2-t   n*'=      2   r*  = 

TwiiH  :  twiTinii.g  plane  |-i  (±?)  and  i-i  ( 

iDgle  nearly  120°) ;  also  the  basal  plaTie  0  (B  ,  , , 

Optic-axial  plane  makes  an  angle  of  26°  with  tlie  base;  acute  biiieotriji 


TwiiH  :  twinnii.g  plane  |-i  (±?)  and  i-i  (±?),  (both  having  a  priBmatic 
angle  nearly  120°) ;  also  the  basal  plaTie  0  (Brewster,  N.  Y.,  f.  593). 

"■■■■'*  '  ■r       '   oao III.   il I .   I-  v: i-i- 
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p-i^itivc,  normal  to  the  elinopinacoid  (C).    2Ha=S8°  48'  for  rod  rara 
J";rewBter,N.  Y.  (E. S.  D.).  2Ho=86°  li'-ST  20'  (red  rnj b), Sweden, (De«Cl.) 

Tlie  sboTS  uiglea  are  Uioae  jriTen  by  DeaCIoiieanz,  the  anUiar's  on 
OTstata  faom  BKwstot  (uot  ^et  completed),  point  to  a  BmaUer  rariati 
tfyo.     DeaOloiipanT  makes  the  plane  «''—i-i,  and  r<~/,  r'  =  l,  r*^  - 


e  flnol.r  polisbni 


Munoclinic.  A  A  9'  =  133"  40' ;  ^Ae"  =  I33°  40';  ^A«'  =  125*'  13'; 
J,  Am  =  114"  65';  A  f^m"  =  92°  58';  AAn  =  132"  U' ;  ^  A  m*  =  122' 
67';  ^  An*  =  97"  23';  ^  An"  =  97°  23';  yl  A/^  =  131"  23  ;  ^,- j'*  =  125" 
47';  CAr»=:132''50';   CAr*  =  137°  2.5'.     DesCUiizeaiix. 

These  letters  (those  emplcved  by  Sfacthi)  iron-espond  to  the  fr.IIowiug 
symbols ; — 

A=Q      t=f-i    n=     4    n*=— 4    ?^=— ^-i     7*  =  -*-*    r'=~l-i 
C=i-i     ■^=l-i    n*=~i    n*'=     4    r*  =      f-i     r*=     fS    j' =     8-i 

DcfiCljizeaiix  makes  the  plane  e*'  =  i-i,  r*  =  /,  and  r*  =  —  1,  and  j*  =;  1. 
Twins:  Iwiiining-plane  —^i;  also  the  basal  plane  (Brewster).  Optie-axiH) 
I'lane  makes  an  angle  of  7^°  with  the  hose,  Brewster  (Dana) ;  etime  angle 
for  Vesnvian  crystals  equals  12°  28'  (K)eiii),  alH>nt  11°  (DesCIA  Acnte 
liisectrix  praitive,  normal  to  clinnpinacnid.  2Hfl=84°  40'-85"  15',  vellow 
(K].).=84"  8S'-85"  4'  white  crj-stals,  ai.d  =86"  40'-87"  14'  brown  crystals 
(DesCl-V     Sections  of  crj'Stals  often  shows  a  complex  twinned  strnctunj. 

In  other  physical  and  in  chemical  character*  these  three  snb-specie*  are 
hardly  to  l>e  distinguished, 

JI.=U-05.  G.=3'lI8-3'24.  Lnstro  vitreons — resinons.  Color  of 
crystals  yellowish-white,  eitron-yellow,  honey-yellow, liyacintli-icd,  brownish 
(VceuviueJ;  also  deep  ganiet-rod  (Brewster).  Color  of  the  mineral  occrr- 
ring  massive  and  in  ronnded  imbedded  grains  (chondroditc  at  least  in  pattl 
as  of  crystals,  also  sometimes  olive-green,  apple-green,  gray,  black.  Streai 
white,  or  slightly  yellowish,  or  grayifh.  Transparent— Btibtianshiconl 
Fractare  eubcoiicQoidal — uneven. 
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Oom'v — The  chtnniaal  inveati^tioiu  of  Bammelaber^  uid  Tom  Rath  have  Berred  to  ahow 
k  eraudderable  Toriation  in  oompositJon  in  the  different  varietiea.  bnt  do  not  give  dMddedl; 
different  formnlBa  to  the  three  t;pea  of  Scacohi,  that  ii.  the  three  minciola  desoiibed  aixne. 

In  geaerol  Q.  mtio  tor  Mg  :  Si=4  :  3  (1^  :  I),  uid  the  formnla  then  MgiSi,Oi, ;  or,  a*  pre- 
fened  by  nammelBberg,  Mg  :  Si=G  :  4  (Ij  :  1),  and  Ihe  formnla  is  then  Mg,StiOi.  In  Alt 
oaaea  part  of  the  magneBiani  is  replaced  by  iron,  and  part  of  the  oxygea  by  flnorina  (l',).  th* 
amount  vaiyiiig  from  2^  to  8^  p.  o.,  bat  oettiunly  not  dependent  <t.  Bath  and  Rainm  |  aiuu 
the  three  types. 

SiO,  FeO  MgO      F 

85-63  5-12  64-45  2  43  CaO  023  AlO,  O'82=S9-08.  v.  Eath. 

33-26  2-30  57-«2  50i  CaO  0-74  AlO,  l-06=100-32,  Battim. 

3410  7-28  63-72  4-14     AlO,  0-48=9972,  Howes. 

33-96  8-83  53'51  424      AlO,  0-72=B0-26,  t.  Rath. 

3U82  n-48  54-93  240      AlO,  0-24=90-Sa,  v.  Rath. 


L  Hamite,  Temvius, 
IL  Chondrodite,  VeaniiiiB, 
II.  Chondrodite,  Bre water, 
n.  Chondrodite,  Sweden, 
m.  Clinohuraite,  VemiviuH, 


Cbondrodite(F).N.  Jerse7,8397    3-48   66-97    7'44 


=101 -oa,  I 


Vvr.,  etc.— B.B.  infosible ;  Mine  varietieB  blacken  and  then  bum  white.  Fused  with  aaJt 
of  pnosphoma  in  the  open  tnbe  (^ves  a  reaction  tor  fluorine.  WitJi  the  flniea  a  reaotuni  fo* 
iron,     Gelatiniiaa  with  acida.     Heated  with  snlphnric  acid  giTes  off  ailioon  finoride. 

Di&. — Distinguishing  chanioterB  are:  inf osibility  ;  (relatinizing  with  acids ;  fluorine  raw- 
blon  with  sulphuric  acid. 

01>a.^The  localities  of  the  crystalliMd  mlnetals  have  already  been  mentioned. 

The  nanular  chondrodite  (f)  occurs  mostly  in  limestone.  It  is  fonnd  in  Finland  and 
In  Sweden  ;  at  Taberg  in  Wennland  ;  at  Boden  in  Saxony  ;  on  Loch  Nesa  in  Scotland  ;  at 
AchmatOTsk  in  the  Ural,  etc.  Abnndont  in  the  o ounties  of  BnaBez.  N.  J, ,  and  Orange,  N.  T., 
where  it  is  associated  with  Bpiael.  In  N.  Jeriej/,  at  Biyam  ;  at  Sparta;  atVemon,  Lookwood, 
and  Franklin.  In  iV.  York,  in  Orange  Co.,  in  Warwick,  Honioe,  etc,  -  near  Edenville;  at 
the  Tilly  Foster  Iron  Mine,  Bcewater.  Pntnain  Co.  In  Matt.,  at  Chelmsford.  In  Penn.^  neu 
Chodatotd.  In  6'annria,  in  limestone  at  SL  Crosby  ;  St.  Jsrome  ;  St.  AdAle  ;  Qren^le,  eto^ 
atmndHBi 


TOUSMAUNS.*  Tnrmalin,  Omit. 
Rhombohedral.   .fl  A  .ff  =  103°,  0  A  i?  =  134' 3' ;  <;  =  0-89626.    jAja 


Oaarenieai,  K.T. 


St.  LawMDoe  Co.,  N.T, 


164"59',4a4=1 


'  8',»-2A4»=alB6»U',»-3Ai»aU2°a6'.     Uioilh 
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hem ihedral,  being  often  unlike  at  the  opposite  extremities,  or  hemimorphio. 
and  the  prisms  often  triangular.  Cleavage :  li^  —J,  and  i-2,  difticult 
Sometimes  massive  compact;  also  columnar,  coarse  or  fine,  parallel  ot 
divergent. 

H.= 7-7*5.  G.=2-94-3'3.  Lustre  vitreous.  Color  black,  brownish- 
black,  bluish-black,  most  common  ;  blue,  green,  red,  and  sometimes  of  rich 
shades ;  rarely  white  or  colorless ;  some  specimens  red  internally  and  green 
externally ;  and  others  red  at  one  extremity,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  165).  Streak  uncolored.  Transparent — opaque ; 
greater  transparency  aci*os8  the  prism  than  in  the  line  of  the  axis,  frac- 
ture subconchoidal — uneven.     Brittle.     Pyroelectric  (p.  169). 

YdX.^l,  Ordinary,  In  ciystals.  (a)  £z/^«2/»^/ the  red  sometimes  transparent  {b)  Indi- 
eoUte;  the  blue,  either  pale  or  bluish -black ;  named  from  the  indi^ifo-blue  color.  {cyBraeiUan 
Samphire  (in  jewelry);  Berlin-blue  and  transparent;  {d)  Brazilian  Emei'ald,  GhrywUU  {ox 
Peridot)  of  Brazil ;  green  and  transparent,  (e)  Peridot  of  Ceylon;  honey -yellow.  (/)  Aeh- 
raUe;  colorless  tourmaline,  from  Elba,  {g)  Aphrizite;  black  tourmaline,  from  Krageroe, 
Norway.  (A)  Columnar  and  black ;  coarse  columnar.  Resembles  somewhat  hornblende,  but 
nas  a  more  resinous  fracture,  and  is  without  distinct  cleayage  or  anything  like  a  fibrous 
appearance  in  the  texture. 

Oomp. — Q.  ratio  of  all  varieties  for  E  :  Si=d  :  2  (Bammelsbeig),  consequently  the  general 

11    I  I  II 

fozmnla  is  Ba(B6,I^)SiOft.   E  may  represent  here  H,  K,  ^a,  Li ;  also  E=Mg(Ca),Fe,Mn,  and 

R=:M,B8 ;  further  than  this  the  Si  is  often  in  part  replaced  by  Fa.     Eammelsberg  distin- 

ffaishes  two  groups,  where  the  Q.  ratio  for  B  :  2VI  :  Si=8  :  0  :  8,  and  (2)  with  the  Q.  ratio  for 

B  :  M  :  Si=l  :  3  :  3.     In  the  first  group  fall  most  of  the  yellow,  brown,  and  black  varieties, 

11     1 

the  bivalent  elements  (Mg,Fe)  predominating,  the  general  formula  being  Ea(Ec)H>Si40to. 

The  second  group  includes  the  colorless,  red,  and  slightly  green  kinds,  the  univalent  element! 

I     II 

appearing  most  prominent,  especiaUy  lithium.     The  general  formula  is  E«(R3)RbSiB04». 

Several  distinct  varieties  are  made  under  these  groups,  which  will  be  sufficiently  illustTatod 
by  the  following  analyses,  by  Eammelsberg.  I.  Gouvemeur,  brown-;  G.  =3*049.  II.  Haddam, 
black;  G.=3136.     ni.  Goshen,  bluish -black ;  G.=3  203.     IV.  Paris,  Me.,  red  ;  G.=3  019. 


V     *         ^^ 

SiO, 

B,0, 

AID, 

FeO 

MnO 

MgO 

CaO 

Na,0 

K,0 

LiaO 

F 

HsO 

I. 

88-85 

(8-35) 

81-32 

1-14 

14  89 

160 

1-28 

0-26 



2-31=100  00 

n. 

87-50 

(9-02) 

30-87 

8-54 

8-60 

1-33 

1-60 

0  73 

— _ 

1-81=100-00 

lU. 

86-22 

10-65 

33-35 

11-95 

1-25 

0-63 

1-75 

0-40 

0-84 

0  82 

2-21=100-82 

IV. 

8819 

9-97 

42  63 

1-94 

0-39 

0-45 

2-60 

0  08 

M7 

1-18 

2  00=^100-20 

V. 

88-46 

9-73 

86-80 

6-38 

0-78 

1-88 

2-47 

0-47 

0-72 

0-55 

2-31  =  100-55 

Pyr.,  etc. — I.  fuse  rather  easily  to  a  white  blebby  glass  or  slag ;  II.  fuse  with  a  strong  heat 
to  a  blebby  slag  or  enamel ;  III.  fuse  with  difficulty,  or»  in  some,  only  on  the  edges;  IV.  fuse 
on  the  edges,  and  often  with  great  difficulty,  and  some  are  infusible  ;  V.  infusible,  but  becom- 
ing white  or  paler.  With  the  fluxes  many  varieties  g^iye  reactions  for  iron  and  manganese. 
Fused  with  a  mixture  of  potassium  bisulphate  and  fluorite  gives  a  strong  reaction  for  boracio 
acid.  By  heat  alone  tourmaline  loses  weight  from  the  evolution  of  silicon  fluoride  and  per- 
haps  also  boron  fluoridt* ;  and  only  after  previous  ignition  is  the  mineral  completely  decom- 
posed by  fluohydric  acid.  Not  decomposed  by  acids  (Eamm. ).  After  fusion  perfectly  decom- 
posed by  sulphuric  acid  (v.  Eobell). 

DifiE. — Distinguished  by  its  form,  occurring  commonly  in  three- sided,  or  six-sided  prisms; 
absence  of  cleavage  (unlike  hornblende).  It  is  less  easily  fusible  than  garnet  or  vesuvianitei 
B.B.  (see  above)  g^ves  a  green  flame  (boron). 

Obs. — Tourmaline  is  usually  found  in  granite,  gneiss,  syenite,  mica,  chloritic  or  talcose  schist, 
dolomite,  granular  limestone,  and  sometimes  in  sandstone  near  dykes  of  igneous  rocks.  Tb€ 
variety  in  granular  limestone  or  dolomite  is  commonly  brown. 

Prominent  localities  are  Katherinenburg  in  Siberia ;  Elba ;  Windisch  KappcU  in  Carintliia  ; 
Rosena;  Airolo,  Switzerland;  St.  Gk)thard.  In  Great  Britain.  Bovey  Tracey  in  Devon; 
Oomwail,  at  different  localities  ;  Aberdeen  in  Scotland,  etc. 

La  the  U.  States,  in  Maine,  at  Paris  and  Hebron.  In  Ma^.,  at  Chesterfield ;  at  Goshen,  bjuei 
*   In  N.  Ilcunp.,  Grafton ;  Acworth,  eto.   In  Conn,,  at  Monroe  and  Haddam,  black.   In  H.  Ybrkk 
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oeMOonreTneni;  nGHrPoit  Henr;,  EttexCo,,  «ticla«iDg  orthoctase  (ne  p.  109);  Fienepont; 
aeat  Edeuville.  In  /Vnn.,  near  UaioiiTille;  at  Cbestei ;  Middletowo,  and  elaewhsn.  Id 
Canada,  at  Q.  Calniaet  Id. ;  at  ViUioj,  C.  A. ;  ftt  HanteEstown,  C.  E. ;  at  Bathtmt  and 
RImBley.  C.  W. 


n  MsqoiMcido  i-%.  lime  i'SO- 


Q.  ratio  for  B  :  R  :  Si=Z  :  8  :  4,  or  S  :  S 
with  {t=Al ;  Fe=5  :  1 ;  this  reqairesSilioaM-S, 
Ut  Monxoiii,  Fanathal,  Tyrol. 


:  2  :  d  =:  0-71241 


ANSAX-nBITE. 

Orthorhomblo.     /A  7=  90"  48',  O  A 14  =  144*  32' ; 
:  1'01405  :  1.     Cleavage  :/ perfect  in  crystals  fi-om 
Brazil;  i-i  I<j88  perfect;  i^l  in  traces.     Maesive,  iiii- 
pcrfectlv  colli [nnar,  sometimes  radiated,  and  craiiiilar. 

H.=7'5  ;  in  some  opaque  kinds  3-6,  (j.=305- 
3"35,  mostly  31-3*2.  Lustre  vitreous  ;  often  weak. 
Color  whitish,  rose-red,  flesh-red,  violet,  pearl-gray, 
reddish-bi-owii,  olive-green.  Streak  uiicolored.  Tran's- 
pai-ent  to  opaque,  usually  subti-aiisluceiit.  Fracture 
uneven,  snbconchoidat. 

Var. — 1.  Ordinart/.  R=:7-5oiithe  basal  face,  if  notelsewbere. 
S.  ChiaitoliU  (made).  Sterling-.  Warn.  Stoat  ciyBtala  having  the 
udi  and  QDgleB  of  a  different  color  from  tbe  rest,  owing-  to  a  regu- 
lar BTTangemeTit  of  irapurities  thiong-b  the  interior,  aod  hence  ei- 
Uliting  a  colored  cross,  or  a  t««se1nted  appearance  in  a  transverae 
section.  II.  =  lj~7'S,  Tarjing  much  with  the  degree  of  imparity. 
The  Idllowiag  hgaietihowsHectionB  of  iome  crystals  .Beeolso  p.  110). 

004 

Comp.— Q.  ratio  for  fi:  Si=3:2;  AISiO,=Silica3S^,  alumina G3*I  =  100.     Eometi 
little  FeO>  is  preeent. 

PyvT  etc — B.B,  infusible.  With  cobalt  aolntion  gives  a  bine  color.  Kot  dccompoaed  b; 
acids.     Dt-compii^ed  on  fnaion  with  caastic  alkalies  and  alluline  carboaatea. 

HiS. — DistiiigniahiiiR'  characters  :  infuaibility  ;  hardness;  and  the  form,  being  nearly  that 
of  a  square  prinm,  nolike  stanrolite. 

Oba. — Host  common  in  argillaceona  schist,  or  other  schists  Imperfect!}'  crjatolline  ;  also  In 
gneiss,  mica  schint.  and  related  rocks.  Found  in  Spain,  in  Andolosia.  and  thence  ttie  noma 
of  the  species  ;  in  tbe  Tyrol.  Lisens  vnlley  ;  in  Saxony,  at  Eraunsdorf.  and  elsewhere.  In 
Ireland.  In  Br.'Lzil.  province  of  Minns  Oera«a  (transparent).  Common  in  crystalline  rooks  <A 
New  En!;1and  and  Canada ;  good  crystala  have  been  obtained  in  Delaware  Co.,  Peon.,  ate- 
aliui  in  California;  in  Muss.,  at  Sterling  (ehiatloUU). 


FtSBOVnS.    Bucholiite.     Sillimaolte. 

Ortborliniiibic.  /a  /=96'*  to9S°  in  the  Bmoothest  crystals ;  usually  largoi, 
the  faces  /  Eti-iated,  and  paming  into  i-l.  Cleaviu;e :  i-l  vci-y  perfect,  bril- 
liant. Crysr.'ils  commonly  long  snd  slender.  Also  fibrous  or  columnar 
massive,  e'jiMcliines  radiating. 
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H.=6-7.  G.=3*2-3'3.  Lustre  vitreous,  approaching  subadainantii /e 
Color  hair-broTm,  grayish-brown,  grayish-white,  grayish-green,  pale  olive 
green.     Streak  nncolored.     Transparent  to  translucent. 

Var. — 1.  Smimanite.  In  long,  slender  crystals,  passiog  into  fibrous,  with  the  fibres  separ- 
ftble.  2.  FibrcUie,  Fibrons  or  fine  columnar,  firm  and  compact,  sometimes  radiated  ;  gray* 
iah- white  to  pale  brown,  and  pale  oliTe-sn^een  or  greenish- gray.  Bucholate  and  monrciite  are 
h«re  included ;  the  latter  is  radiated  columnar,  and  of  the  greenish  color  mentioned. 

Oomp. — iVllLiiOA,  as  for  andalu8ite=  Silica  36*0,  alumina  63  1=:  100. 

P3nr.,  etc.— Same  as  g^iven  under  andalusite. 

lAS, — Distinguished  from  tremolite  by  its  infusibility ;  also  by  its  brilliant  diagonal  cleav 
■go,  in  which  and  in  its  specific  grayity  it  differs  from  cyanite. 

Obs. — Occurs  in  gneiss,  mica  schist,  and  related  metamorphic  rocks.  In  the  Fassathal, 
Tyrol  {JmeholziU) ;  at  Bodenmais  in  Bavaria,  etc.  In  the  United  States,  ai<  Worcester,  Mcut, 
Near  Norwich,  Conn.  ;  at  Chester,  near  Saybrook  {nilUmanite).  In  JN'.  Tork^  in  Monroe, 
Orange  Go.  {monroUte),  In  Penn.^  at  Chester  on  the  Delaware;  in  Delaware  Co.,  etc.  Lb 
Delaware^  at  Brandywine  Springs.    In  N,  Carolina^  wiUi  corundum. 

Fibrolite  was  much  used  for  stone  implements  in  western  Europe  in  the  **  Stone  age.*' 

W5RTHITB,  a  hydrous  fibrolite  ;  Webtaivitr  (Sweden)  is  related  in  composition. 


OTANTTE.*  Kyanite.     Disthene. 

Triclinic.  In  flattened  prisms ;  O  rarely  observed.  Crystals  oblong, 
usually  very  long  and  bladelike.  Cleavage:  i-l  distinct;  i-l  less  so;  0 
imperfect.     Also  coarsely  bladed  columnar  to  subfibrous. 

H.= 5-7*25,  the  least  on  the  lateral  planes.  G.=3-45-3-7.  Lustre  vit- 
reous— pearly.  Color  blue,  white,  blue  along  the  centre  of  the  blades  or 
crystals  with  white  margins ;  also  gray,  green,  black.  Streak  uncolorod. 
Translucent — transparent. 

Var. — The  white  cyanite  is  sometimes  called  WuxtizUe. 

Oomp.~::ySi0ft= Silica  80'9,  alumina  63*1=100,  like  andalusite  and  fibrolite. 

Pyr.,  etc. — Same  as  for  andalusite. 

Diff. — ^Unlike  the  amphibole  group  of  minerals  in  its  infusibility  ;  occurrence  in  thin-bladod 
prisms  oharaoteristic. 

Obs. — Occurs  principally  in  gneiss  and  mica  slate.  Found  at  St.  Gothard  in  Switzerland  ; 
at  Oreiner  and  Pfitsch  in  the  Tyrol;  also  in  Styria;  Carinthia;  Bohemia,  hx  Mass,,  at 
Chesterfield,  eta  In  C7(!?nn.,  at  Litchfield;  at  Oxford.  In  Vermont ^AtThettoriL  In  Penti.^ 
in  Cheater  Co.;  and  Delaware  Ga     In  N,  Carolina, 


T0PA2.» 

Orthorhombic.  t^l^  124°  17',  0 A  U  ^  138^  3' ;  c:l:d  =0-90243 
:  1-8920  :  1  (9  A  1  =  134°  26',  1  A  1,  macn,  =  141°  0'.  Crystals  usually 
heinihedra.,  the  extremities  being  unlike;  habit  prismatic.  Cleavage: 
basal,  highly  perfect.     Also  firm  columnar  ;  alBi>  granular,  coarse  or  fine. 

H.asS.  Q.=3*4-3*65.  Lustre  viti-eoua.  Color  straw-yellow,  wine- 
yellow,  white,  grayish,  greenish,  bluish,  reddish  ;  pale.  Streak  nncolored 
Transparent — Bubtransmcent.      Fracture  8ubeonchoidal|  uneven.      Pyro 
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electnc.  Optic-axiat  plane  i-l ;  diveigeuce  very  variable,  sometir.ies  differ 
ing  mu(Ji  in  different  paits  of  the  Baine  crj-stal ;  biBectriz  positive,  not  ma 
to  O. 


ff^^^ 


TrambnU.  Ct. 

Oomp :^tSiOi,  witb  part  of  the  oxygen  replaced  brfiuorine  (Fi) ;  ratio  of  Pi  :  0=1  :  S  = 

Silioon  1517.  aluminum  WM.  oxygen  3iB7,  fluorine  2058-100. 

PyTi.,  ate. — B  B.  infusible.  Some  varieties  take  a  wine-yellow  or  pink  tinge  when  heated. 
Fused  in  the  open  tnbe  with  salt  of  pbospboroa  gives  the  reaction  for  fluorine.  With  coball 
solution  the  pulveriied  mineral  gives  a  fine  bine  on  heating.     Onlj  partially  attacked  by  ml- 

DiS. — Distingoiabing  characters; — hardness,  greater  than  that  of  qnarti;  infiiaibilil^  ; 
perfect  ba>ial  cleavage,      B.B.  yields  flnorine. 

Oba.. — ^Topai  occurs  in  gneiss  or  granite,  with  tourmaline,  mica,  and  beiyl,  oocasionally 
with  apatite,  llnorite,  and  tin  ore  ;  aJao  in  talcose  rock,  as  in  Brazil,  with  euclase,  etc..  ot 
in  mica  slate.  Fine  topazes  come  from  the  tjiala  ;  KomechatkB;  Brazil;  in  Cairngorm, 
Aberdeenshire;  at  the  tin  mines  of  Bohemia  and  Saxony.  i'Aym'il££(aooai8e  vaiiet^},  ooonn 
nc  Fossnin,  Norway  ;  also  in  Durangn,  Mexico j  at  La  Paz,  province  of  Guanaxnato.  In  th« 
United  States,  in  Conn.,  at  Trumbull  In  A.  Car.,  at  Crowder'a  UountMiL  Id  Uiah,iM 
Tbomai^s  Mta. ;  Irom  gold  washings  of  Or^on. 


BUOIiAfiB.* 

Mniiocliiiie.     C  =  79°  44'=  O  A  i-i,  JA  /=  115°  0',  O  A  1-i  =  146°  45' ; 
-  :  i  :  a  =  1-02943  : 1-5446  :  1  =  1  : 1-50043  :  0-97135. 
rifjivage:  i-i  very  perfect  and   brilliant;  Oji-i  much 
loss  distinct.     Found  orilv  in  crystals. 

II.  =7-5.  G.  =3-098  (ilaid.)."  Lnstre  vitreona,  some- 
irliat  pearly  on  the  cleavafie-faiw.  Colorleae,  pale  inonn- 
tiiin-green,  passing  into  blue  and  white,  Sti-eak  un- 
r'll.ired.  Transparent ;  occasionally  siibtran  spare  nt. 
I'lm-ttire  conchoiUal.     Very  brittle. 

Comp.— Q.  ratio  for  H  :  Be  :  Al  :  Si=l  :  3  :  3  ;  4,  forK  :  8i=.3  :  2 
(H,  =  R.  and  3R=A1),  formula.  H,Ile,AISi,0,.=Silica 41-20,  olamina 
8.»  23.  glucina  ITM.  water  810=100. 

Pyr.  etc.— lathecIoMdtnbe.  when  strongly  ignited,  B.B.  gfiveaoff 
water  (Damonr).  B.B.  in  the  foroeps  cracks  and  whitens,  throws  out 
points,  and  fuses  at  S'S  to  a  white  enamel.     Sot  acted  on  bj  adds. 

Obi^^)ccim  in  Bnd,  at  Villa  Rica ;  in  aovtbem  Vttl,  near  ths  rim  Sauarka. 


niCflOBIFnTE   UDIERALOOT. 


DATOIJTB.    Eumboldtit«. 

Monoclinic.  (?=  89"  5i'=0  (below) At-/,  /A/=115°3',  Oh\-\  = 
162°  27';  ^:i  :  0  =  0-49695:  1-5713:1.  OA-2-i=13b''  VS\  Oa1  = 
149°  S3', /A  i  front  =  115°  3',  !2-i  a  2-i,  ov.  0,  =  115°  21',  ii  A  i-i,  o\:  i-t, 
=  76'  18',  4-i  A  4-i,  ov.  O,  =  76°  1*8.  Cleavage  :  0  distinct.  Also  botnr- 
mdal  and  globular,  haviiig  a  columnar  striiuture  ;  aleo  divergent  and  rmai' 
atiTig;  also  maseive,  granular  to  compact 


Beigren  Hitl. 


Reigea  HiU. 


H.=5-5-5.  G.  =  2-8-3;  2  989,  Arendal,  Haidinger.  Lustre  vitreoni, 
rarely  aubresinoiis  on  a  surface  of  fracture  ;  c()l<ir  white ;  Bometimes  gray- 
ieh,  pale-green,  yellow,  red,  or  ametlivBttne,  rarely  dirty  olive-gi-een  or 
honey-yellow.  Streak  white.  TransluccTit;  rarely  opaque  white.  Frac- 
ture uneven,  Bubconchoidal.  Brittle.  Plane  of  optic-axes  i-i;  angle  ot 
divergence  very  obtuse  ;  bisectrix  makes  an  angle  ot  4"  with  a  normal  to  i-i. 

Tar.— 1.  Ordfoofy.     In  Vfttaia,  gitmy  in  Mpeot     Umal  fornu  m  in  fipuca.    ».  C^HyMl 
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WVtttke.  Wbite  opoqne,  braakin^  with  the  nufaoe  of  poroelain  or  Wedgewood  naie.  from 
IheL.  Superior  region.  3.  Botryoidai ;  BotryoliU.  Kodiated  colnnuui,  harin^  a  bottToida) 
sarfaoe,  ajid  contaitimR  moie  watei  thaa  the  ocyatals.  The  original  locality  of  boUi  the  tsrjn- 
tallizrd  and  botryoidiJ  traa  Arendol,  Norway.  HagUrrUe  !■  ^tolite  altered  to  ohaloedony, 
from  the  Havtor  Iron  Minei,  England. 

Comp— Q.  ratio  for  H  :  Ca  ;  B  ;  ai  =  l  ;  2  :  3  :  4,  like  endase:  formula  H.Ca.B,ai,Oi,= 
SUica  37-5,  borontrioxide  31-0.  lime  35-0,  vater3'5=100.  Botrrolite  contains  10-04  p.c  water. 

Pyr.,  etc In  the  closed  tube  gives  otf  much  water.     B.B.  fusea  at  2  nibh  intnineBccnoe  K 

a  deBT  glaHS,  coloring  the  dame  bright  E^een.     GehitimieB  with  hydrochloric  acid, 

Diff. — DiBtinguisbing  characters:  giansj  luHtre ;  ngxiall?  complex  crj'sUdliuition ;  B.Ii, 
fnsea  easily  with  a  p-een  flame  ;  gelatinizes  with  acids. 

Oba Datolite  ia  found  in  trappean  rocks  ;  also  in  gneiss,  dioryte,  and  aerpentine  ;  in  me- 

tallio  veina ;  sometimes  also  in  beds  of  iron  ora.  Found  iii  Scotland  ;  at  Arendal ;  at  Audreaa- 
berg ;  at  Bareco  near  Logo  H^giore  ;  at  tbe  Sclsser  Alp,  Tyrol ;  at  Toggiana  in  Modena,  in 
serpentine.  In  good  spedmene  at  Eoaring  Brook,  near  New  Haven ;  also  at  many  ottwi 
localities  in  the  trap  rocks  of  Connecticut ;  in  N.  Jersey,  at  Bergeo  Bill ;  in  tbe  Lake  Saperlu 
region,  %dA  oa  I»Ie  Boyalo,    San  Carlos,  Injo  Co.,  Cal.,  with  garnet  and  vesn^Tanito. 


TITANTrZI.*  Sphbnb. 

Monoclinic.  (7  =  60-  17'  =  0  A  i-i ;  /a  7  =  liy  31',  O  A 14  =  169» 
39' ;  c:b\  d  =  0'56580  : 1-3251  :  1.  Cleavage :  /  somctiines  nearly  per- 
fect; «-«' and  —1  mucli  less  so;  rarely  (iii  greenovite)  2  easy,  —2  leas  so; 
Bometimes  hemiinorphic.  Twins:  twinning-plaue  t-i ;  ii&tialiy  producing 
tliin  tables  with  a  reentering  angle  along  one  side  ;  Botuctimes  elongated, 
as  in  f.  623.     Sometimes  maaiive,  compact  j  rarely  lamellar. 
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Ledbflte.  SpinthSre.         flchwaiienstab: 

IL=6-5-5,     G.=:3-4-3*56.     Lustre  adamantine — resinous.    Oilot  brown, 

gray,  yellow,  gmen,  and  bUck.    Streak  wbite,  slightly  i-eddish  in  greeDOvito 


OSBOSlPnvs  MINEBALOOT. 


Transpai-eiit'-opBqiie.  Biittlo.  Optic-axial  piaiic  i-i  ;  bisectrix  positive 
very  dosely  iioniial  to  1-e  {x) ;  double  rufractiuii  sti-ojig ;  ax'nl  divergeuc« 
SS-SB'  for  tlie  red  raja,  iG'-ib*  foi-  the  blue ;  DesCl. 


=100. 

Vta:  — Ordinary.  (<i)  TVtaiiff^  /  browa  to  black,  the  oiiginol  being  thus  colored,  olao  opMjnc 
,)r  anbtnuialUDeDt.  (b)  BpAtJie  {n^med  tiom  aipljv,  a  ir«dgej  ;  oFIightHhades,  as  j'ellow,  gl««u- 
bh,  etc,  knd  often  troEiduoeiit;  the  original  was  yellow,  ilailganctian ;  GrfenociU.  Bed 
or  rose-colored,  owing  to  the  presence  of  a  little  manganeHe,  In  the  ciystals  there  ia  &  ginai 
divetsitf  of  form,  aiisinff  from  an  elongation  or  not  into  a  prism,  and  from  the  occoneuoe  of 
the  elangatian  in  tbe  direction  of  different  diameters  of  the  fuudunental  form. 

Pyr^  etc.^B.B.  some  varieties  change  color,  becoming  yellow,  and  fuse  at  3  with  lata- 
mewenoe,  to  a  yellow,  brown,  or  blaak  glasa.  Witji  borax  they  afford  a  clear  yellowish -gieen 
glass.  Imperfectly  soluble  in  heated  hydiochloiio  acid  ;  and  it  the  solntion  be  concentrated 
along  with  tin.  it  becomes  of  a  fine  violet  color.  WiUi  salt  of  jihoephorus  in  E.F.  gires  a 
violet  bead  ;  varietiCH  cootaiiung  mach  iron  require  to  be  treated  with  the  flux  on  charoool 
with  metallic  tin.     Completely  decomposed  by  sulphnric  and  fluohydric  acids. 

SifL — The  resinous  lustre  is  very  ohorocteriatio  ;  and  its  commonly  occurring  wedge-shaped 
form.     B.B.  gives  a  titanium  reaction. 

Oba. — Titanite  oocura  in  imbedded  tnTstalB,  in  graaito,  gneiss,  mica  schist,  qyenihi,  cldoriUi 
■ohiat,  and  granular  limestone  ;  also  in  beds  of  iron  ore,  and  volcanic  rocks,  and  often  aoso- 
efmtod  with  pyroxene,  hornblende,  chlorite,  scapolite,  zircon,  ete.  Found  at  St.  GothMd,  BDd 
elsewhere  iu  the  Alps;  in  Uie  protogine  of  Cbamouni  (picUle,  Saus.);  at  Ala,  Piedmont 
lUffuriU);  at  Arendot  inNorway;  at  AohmatovHlc,  tlrala  ;  at  St.  Marcelin  Piedmontlj^rsTn- 
ceite,  Duf .)  -,  at  Schworzenstein.  Tyrol ;  in  the  Onteisulibacbthal  in  Piuzgmn  ;  near  Tftvislock ; 
Dear  Tremadoo,  in  North  Wales. 

Oocun  in  Gaiuuin,  at  OreiiTille,  Elmsiey.  ete  In  Maint,  at  Sanford.  In  Man.,  at  Bol- 
ton ;  at  Pclham.  In  N.  York,  at  Oouvemenr ;  at  Diana,  in  dark-brovm  crystolB  (foifoWt*) ; 
in  Orange  Co. ;  near  Edenville ;  near  Warwick.  In  tf.  Jtney,  tX  Franklin.  In  Penn. ,  Bnoka 
Co.,  near  AtUeboro'. 

QUABtRlTE.— Same  composition  as  titanite,  bat  orthoihombio  (v.  Lang  and  Gulscardi)  in 
oryEtalliaation.     ColoT  yellow.     Mt  Summa. 

KciLHAUi'^ii  (Tttrotitanite).-~Ifear  spbene  in  form  and  cimponlJon,  but  oontainlng  aln- 
miua  and  yttria.     Arendal,  Norway. 

TscnsFFKiNtTli.— Analogous  to  keilhauite  in  oompoeiUon,  cantaining,  1 
also  oeiiom  (La.Di).     Oocun  mawiTeL     llmen  Mta. 


STAUROUTB. 


Oithoihouibic.    7a  i  =  129°  20',  0  M-\  =  124°  40' :  c  :  2  :  d  =  1*4408 
:  211233  :  1.     Cleavage :  i-i  distinct,  but  interrupted ;  1  in  traces.     Twins 


emcifomi:  twiiuiing-plane  i\  (f.  629);  f«  (f.  629);  and  j-f  (f.  630).    Fig. 
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S31  18  ft  drilling  aticording  to  the  last  method  of  twiiming,  and  in  f.  632  both 

methods  are  combined.     See  also 

p.  flO  and  p.  98.      Crystals  often  881  833 

with    rough    eurfates.       Massive 

fonns  nnobserved, 

II.=7-7-5.  G.  =  3-4rSS.  Siih- 
vitreons,  inclining  to  i-esinouB. 
Color  dark  reddisli-brown  to 
brownieli-black,  and  yellowish- 
brown,  Stieak  Hticoloi-ed  to 
grayish.  Transluceiit — nearly  or 
quiteopaque.  Fi-actnreconchoidal. 

Oomp.,  Var.— Q.  ratio,  according  to  RammeUberg,  for  B  :  ft  :  81  =  2  :  8  ;  0  (where  EU  F« 
udHg',  MtdakoiuclQdMfl,,  withH,  :  R=l  :  3^  Formula  H,R,:U,^i.O>.  (if  Mg:  Fe=l  :  8) 
=  Silica  30'37,  aJumina  5103,  iron  protoxido  13  6U,  magnoaia  2 '.^3.  water  I%'>2  =  100.  Tho 
iron  was  finit  tAken  as  FeOi,  but  Mitacherlich  showed  that  it  woa  rcnlly  FeO.  Stanrolita 
oftan  includea  imparitieB,  especially  free  qunrti.  OM  first  shown  by  Lechactier,  and  since  then 
fay  Fisoher,  Lasaulx,  and  Rammclabeig.  This  is  the  oanne  of  the  variation  in  the  amount  of 
■ilica  appealing  in  moat  analyses,  there  being  sometimes  as  much  as  GO  p.  c. 

Pyr.,  etc. — B.B.  infusible,  excepting  the  manganesian  variety,  wbich  lasen  easily  to  a  blade 
magnetic  gloss.  With  the  Quies  gives  reactions  for  irOD.  and  sometimes  for  manganese. 
Imperfectly  decorapoBed  by  Bulphurio  acid. 

TUB. — Always  in  crystals  ;  the  pnsms  obtuse,  baring  an  angle  of  129'. 

Obs. — Usnally  found  in  mica  gohist,  argillaceous  Hohist,  and  gneiss  ;  often  associated  witil 
garnet,  oyanite,  and  tounnaline.  Oocura  with  cyaoite  in  p<iragoniU  schist,  at  Mt  Campione, 
Switierland ;  at  the  Qreiner  mountain,  and  elsewhere  in  the  Tyrol ;  in  Brittany  ;  in  Ireland. 
AFinndant  tbrougbont  the  mica  slate  of  New  England.  In  Maine,  at  Windham,  and  eUewhen. 
Ir  Man.,  at  Chesterfield,  etc.     In  Ptaa,     In  Georgia,  at  Oanton  ;  and  in  Fannin  Co. 

ScnoRUJMiTE.— Q,  ratio  for  Ca+Fe  +  Ti  ;  Si=3  ;  1,  nearly.  Analysis  by  Bamm.,  Aikax- 
Mi,  SiO,  20-09,  TiO,  21-34,  FeO,  2011,  FeO  IST,  OaO  2938,  MgOl'3S=l)0-85  Colu  black. 
Fnotote  oonchoidaL    Hagnet  Cove,  Arkansas  -,  Kaiseratnhlgebirge  in  Breisgan. 


HYDROUS   SILICATES. 

L  General' SEcnoH.    A.  Bibiucatics. 
PBCTOUTB. 

Monoclinic,  isomorohons  with  woUaatonite.  Greg.  Cleavage ;  i-i  (orthoa.1 
perfect.  Twins :  twmning-plane  i-i.  Usually  in  close  aggregations  of  aoi- 
cular  cr)stal9.     Fibrons  massive,  radiated  to  stellate. 

H.=5.  G.=2-6S-3-78.  Lnstre  of  the  surface  of  fractnro  silky  or  snb- 
vitreous.  Color  whitish  or  grayish.  Subtranslncent  to  opaqno.  Tough, 
For  Bergen  mineral  optic-axial  plane  pai-allel  to  oithodiagonal,  and  very 
nearly  normal  to  i-i ;  acnte  bisecti-ix  positive,  parallel  to  orthodiagonal,  and 
obtuse  bisectrix  nearly  normal  to  cleavage  plane  or  i-i ;  axial  angle  in  oil, 
through  cleavage-plates,  143°-145°;  JDestl. 

Var.—Almott  always  colnmnar  or  flbrons,  and  diveiBent,  tbe  flbres  often  2  or  3  inches  lonfi 
and  sometimes,  as  in  Ayrshire,  Scotland,  a  yard.      Besemblea  in  aspect  fibrons  Ti   '" 
natralite,  okenit«.  thomwnite,  UetnoUt«,  and  wollaitonita. 

■a 
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Comp.— Q.  ratio  for  H  :  Na  :  Ca  :  Si=l  :  1  :  4  :  12,  and  for  R  :  Si  (where  R  indudos  Cm^ 
hnd  H3,Naj/  =  l  :  2,  like  woUastonite ;  hence  formula  HNaCa^SiaO^^ Silica  54*2,  lime  88*8, 
Rodu  !)  8,  water  2*7=100.  If  the  H  does  uot  belong  with  the  bases,  then  the  fonnnla  may  be 
(Ramm.)  Na^CaiSioOn+aq. 

Pjn^.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  white  enamel.  Gela 
tinizeB  with  hydrochloric  acid.     Often  g^ves  out  a  light  when  broken  in  the  dark. 

Obs. — Occurs  mostly  in  trap  and  related  rocks,  in  cavities  or  seams ;  occasionally  in  meta- 
morphic  rocks.  Found  in  Scotland,  near  Edinburgh;  in  Ayrshire;  and  at  Taliver,  etc.,  I. 
Bkye;  at  Mt  Baldo  and  Mt.  Monzoni  in  the  Tyrol ;  in  Wermland ;  at  Bergen  Hill,  N.  J. ; 
oompaot  at  Isle  Royale,  L.  Superior. 


Monoclinic. 
688 


liAUMONTmi.    Gaporcianite. 

C=68°40',  /A/=86^  16^  (9a14  =  151°9';  <5 :  S  :  <i  = 
0*516  :  0*8727  :  1.  Prism  with  very  oblique  terminal  plane 
2-i,  the  most  common  form.  Cleavage :  i-i  and  /perfect; 
i-i  imperfect.  Twins:  twinning-plane  i-i.  Also  columnar, 
radiating  or  divergent. 

H.=3*5-4.  G.  =  2-25-2*36.  Lnstre  vitreous,  inclining 
to  pearly  upon  the  faces  of  cleavage.  Color  white,  passing 
into  yellow  or  gray,  sometimes  red.  Streak  uncolored. 
Transpai'ent — translucent;  becoming  opaque  and  usually 
pulverulent  on  exposure.  Fracture  scarcely  observable, 
uneven.  Not  very  brittle.  Double  refraction  weak ;  optic- 
axial  plane  ii;  divergence  52°  24'  for  the  red  rays;  bisec- 
trix negative,  making  an  angle  of  20°  to  25°  with  a  normal 
to  i'i ;  DesCl. 

Oomp.— Q.  ratio  for  R  :  ft  :  Si :  H-1  :  3  :  8  :  4 ;  and  R  :  Si=l  :  2  (3R=ft).  R=Ca,  ft 
=Al,  and  the  formula  is  hence  Ca:^lSi40)  3 +4aq= Silica  600,  alumina  21*8,  lime  11*9,  water 
16*8=100. 

Pyr.,  etc. — Loses  part  of  its  water  over  sulphuric  acid,  bnt  a  red  heat  is  needed  to  drive 
off  all.  B.B.  swells  up  and  fuses  at  2*7-^3  to  a  white  enamel.  Gelatinizes  with  hydrochloric 
acid. 

Obs. — Laumontite  occurs  in  the  cavities  of  trap  or  atiijcrdaloid ;  also  in  porphyry  and  sye 
nite,  and  occasionally  in  veins  traversing  clay  slate  with  colcite.     Its  principal  lo(^ties  arc 
at  the  Faroe  Islands  ;  Disko  in  Greenland  ;  in  Bohemia,  at  Enle  ;  St.  Gothard  in  Switzer- 
land ;  the  Fassathal ;  the  Kilpatrick  hills,  near  Glasgow.    Nova  Scotia  affords  fine  specimens ; 
also  Lake  Superior,  in  the  copper  region,  and  on  I.  Royale ;  also  Bergen  Hill,  N.  J. 

Okenite. — Formula  HiCaSi.Oo-i-aq.  having  half  the  water  basic -Silica  50*0,  lime  20*4, 
water  17*0=100.     Commonly  fibrous,     (xolor  white,     Fai*C>e  Is.;  Disco,  Greenland;  loelaiid. 

GYRoLrrE. — Occurs  in  radiated  concretions  at  the  Isle  of  Skye  ;  Nova  Scotia.  Formula 
perhaps  H,.CajSi:,Oj  +  aq.  Centrallasbitk.  Related  to  okenite,  but  contains  1  moleool* 
more  water.     In  trap  of  Nova  Scotia. 


OERY80COLLA.*  Kieselkupfer,  OeiTn. 

Cryptocrj'stalline ;  often  opal-like  or  enamel-like  in  texture;  earthy. 
Iiicrusting,  or  filling  seams.     Sometimes  botryoichil. 

H.  =  2--4.  G.  =  2-2'238.  Lustre  vitreous,  sliininir,  earthv.  Color  moan- 
tain-green,  bluish-green,  passing  into  sky-blue  and  turquois-blue;  brown  to 
black  when  impure.  Streak,  when  jiure,  white.  Iranslucent — opaque. 
Fr.'ictur<)  couchoidal.     Hathcr  sectile;  translucent  varieties  brittle. 


orroKN  cosiPorsDS — htdrods  silicates. 
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Oomp. — Composition  varies  much  through  imparities,  as  with  other  amorphous  substances, 
resnltinji^  from  alteration.  As  the  silica  has  been  derived  from  the  decomposition  of  othei 
bilicatefl.  it  is  natural  that  an  excess  should  appear  in  many  analyses.  True  chrysocolla  cor- 
responds to  the  Q  ratio  for  Cu  :  Si  :  H,  1:2:  2=CuSiOs-|-2aq=  Silica  JJ'4*2,  copi)er  oxido 
45  "3,  wrat«»r  20  •5  =  100.  But  some  analyses  afford  1:2:3.  and  1:2:4.  Impure  chiysocolla 
may  contain,  besides  free  silica,  various  other  impurities,  the  color  varying  from  bluish-greiu 
to  brown  and  black,  the  last  especially  when  manganese  or  copper  is  present. 

Pyr.,  etc — In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colon  the 
flame  emerald-green,  but  is  infusible.  With  the  fluxes  gives  the  reactions  for  copper.  With 
soda  and  charcoEd  a  globule  of  metallic  copper.    Decomposed  by  acids  without  gelatinizaUon. 

Diff  — Color  more  bluish-g^en  than  that  of  malachite,  and  it  does  not  effervesce  with 
adds. 

Obs.—  Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veins. 
Found  in  most  copper  mines  in  Cornwall ;  at  Libethen  in  Hungary ;  at  Falkenstein  and 
Schwatz  in  Uie  Tyrol ;  in  Siberia ;  the  Bannat ;  Thuringia ;  Schneeberg,  Saxony ;  Kupf er- 
berg,  Bavaria;  South  Australia ;  Chili,  etc.  In  SomerviUe  and  Schuyler's  mines,  Mew  Jersey ; 
at  Morgantown,  Pa. ;  at  Cornwall,  Lebanon  Co.  ;  Nova  Scotia,  at  the  Basin  of  Mines ;  alM 
in  Wisconsin  and  Michigan. 

Dkmidoffite  ;  CYANocnALCiTE ;  BEaANiTB ;  near  chiysocolla. 

Catapleutk— Analysis  (Ramm.),  SiO,  39  78,  ZrO,  40'12,  CaO  345,  Na^O  7*50,  H,0  9'S4 
c:  100  18.     Hexagonal     Color  yellowish-brown,     Lamoe,  near  Brevig,  Norway. 


B.  UNISILICATES. 


OALAMOnel.    Galmei;   Kieselzinkers,  Germ, 
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Orthorhombic ;   heraimorphic-hemihedral.     /A  /=  104**  13',  (?  A 14  » 
148°  31',  Daubar ;  c:h:a=0  6124  :  1-2850  :  1.     Cleav- 
age:   /,  perfect;   <?,  in  traces.     Also  stalactitic,  maniinil- 
lated,  b<»tryoidal,  and   fibrous  forms;    also   massive  and 
granular. 

II.= 4*5-5,  the  latter  when  crystallized.  G.=3'16-3-9. 
Lnstre  vitreous,  O  subpearly,  sometimes  adamantine.  Color 
white ;  sc^metimes  with  a  delicate  bluish  or  irreenish  shade ; 
also  yellowish  to  brown.  Streak  white.  Transpareiit — 
translucent.     Fracture  uneven.     Brittle.     Pvroclectric. 

Oomp.-Q.  ratio  for  R  :  Si  :  H=l  :  1  :  i  ;  Zn^SiO^  +  aq^ Silica  2r>  0, 
sine  oxide  07  5,  water  7*5  =  100. 

Pyr.,  fete — In  Hbm  closed  tnbe  decrepitates,  whitens,  and  gives  oflF 
wator.  B.  B.  almost  infusible  F.  =U) ;  moistened  with  cobalt  solution 
gives  u  j^roPD  color  when  heated.  On  charcoal  with  soda  gives  a  coating  which  is  yellow  while 
hot.  and  white  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  O.F.,  this  coating 
assumes  a  bright  green  color.  Gelatinises  with  acids  even  when  previously  ignited.  Decom^ 
poRcil  by  acetic  acid  with  gelatinization.     Soluble  in  a  strong  solution  of  caustic  potash. 

Diff. — D  stingnishing  characters:   gelatinizing  with  acids  ;   infnsibility ;  reaction  for  zinc 

Obs.  —Calamine  and  smithsonite  are  usually  found  associated  in  veins  or  beds  in  stratified 
calcareous  rocks  accompanying  blende,  ores  of  iron,  and  lead,  as  at  Aix  la  Chapelle ;  Bleiberg 
in  Cariuthiii ;  Uetzbanya ;  Sohemnitz.  At  Bonghten  Gill  in  Cumberland;  at  Alston  Moor; 
near  Mat!o<:k  iti  Derbyshire;  at  GasUeton  ;  Leadhills,  Scotland. 

In  the  United  States  occurs  ¥rith  smithsonite  in  Jefferson  county,  Missouri.  At  Stirling 
Hill,  N.  J.  In  Pennsylvania,  at  the  Perkiomen  and  Phenixville  lead  mines;  at  Bethlehem; 
at  Friedcnsville.     Abondaat  in  Yiiginia,  at  Austin's  mines. 
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Orthorhoinbic.  7  A  /=  99°  56',  O  A  1-i  =  146^  llj' ;  cilxd-  0'669«S 
:  1'19035  :  1.  Cleavage  :  basal,  distinct.  Tabular  crystals  often  united  bj^ 
O,  making  broken  forms,  often  barrel-shaped.  Usually  reniform,  globular, 
and  stalactitic  with  a  crystalline  surface.  Structure  imperfectly  columnar 
or  lamellar,  strongly  coherent ;  also  compact  granular  or  impalpa])le. 

H.=6-6'5.  G.=2-8~2-953.  Lustre  vitreous;  O  weak  pearly.  Coloi 
light  green,  oil-green,  passing  into  white  and  gray  ;  often  fading  on  expo- 
sure. Subtransparent — translucent ;  streak  uncolored.  Fracture  uneven. 
Somewhat  brittle. 

Oomp. — Q.  ratio  for  B  :  ft  :  Si :  H=2  :  8  :  G  :  1,  whence,  if  the  water  is  hasic,  for  baset 
and  silicon,  1:1;  formula  H^CasAlSisOia  or  Ca«3^SiaOii-f-aq=SUica  43*6,  alumina  24-0, 
Lime  27-1,  water  4-4=100. 

Pjrr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  to  a  blebby 
enamel-like  glass.  Decomposed  by  hydrochloric  acid  without  gelatiniziiig.  CouphoUtej  which 
often  contains  dust  or  yegetable  matter,  blackens  and  emits  a  burnt  odor. 

Diff. — B.  B.  fuses  readily,  unlike  beryl  and  chalcedony.  Its  hardness  is  greater  than  that  ii 
the  zeolites. 

Ob«. — Occurs  in  g^ranite,  gneiss,  syenite,  dioryte,  and  trappeon  rocks  especially  the  last. 
At  Bourg  d'Oisans  in  Is6re ;  in  the  Fassathol,  Tyrol ;  Ala  in  Piedmont ;  Joachimsthal  in 
Bohemia  ;  near  Andreasberg ;  Arendal,  Norway ;  .<¥!dolfors  in  Sweden  ;  in  Dumbartonshire ; 
in  Benfrewshire. 

In  the  United  States,  in  Connecticut ;  Bergen  Hill,  N.  J. ;  on  north  shore  of  Lake  Superior ; 
in  large  veins  in  the  Lake  Superior  copper  region. 

GHLOKASTKOiiiTE  and  ZONOCULORITB  from  Lake  Superior  are  mixtures,  as  shown  by 
Hawes. 

ViLLARSiTE. — Probably  an  altered  chrysolito.  Formula  B^SiOi  -Hiaq  (or  i^aq)  R=Mg  :  F« 
=11  :  1.     Traversella. 

Gerite,  Sweden,  and  Tritomtte,  Norway,  contain  cerium,  lanthanum,  and  didymiunv. 
Thorfte  and  Oranoite  contain  thorium.     Norway. 

Parathorite. — In  minute  orthorhombic  crystals,  imbedded  in  danburite  at  Danborj,  Ct. 
Chemical  nature  unknown. 

Pyrosmalite.— Analysis  by  Ludwig,  SiOa  3466,  FeO  2705,  MnO  25*60,  CaO  0-52,  MgO 
0-93,  H,0  8-31,  014-88=101-85.  In  hexagonal  tables.  Color  blackish-green.  Nya-Koppai- 
bezg,  etc. ,  Sweden. 


Tetraironal. 

635 


red.     Streak   uncolored. 


O  A  1-i  =  128°  38' ;  c  =  1-2515.     Crystals  sometimes  nearly 

cylindrical     or     barrel- 
^7  638  shaped.      Twins :   twin- 

ning-plane  the  octahe- 
dron 1.  Cleavage :  0 
highly  perfect;  /  less 
so.  Also  massive  and 
lamellar. 

1 1.  =  4-5-5.  G.=2-3- 
2*4.  Lustre  of  O  pearly ; 
of  the  other  faces  vitre- 
ous. Color  white,  oi 
grayish ;  occasionally 
with  a  greenish,  yellow- 
ish, or  rose- red  tint,  llesli 
Transparent;  rarely  opaque.     J  brittle. 
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Oomp.— Q  ratio  f or  B  :  Si :  H  nsoally  taken  as  1  :  4  :  2,  part  of  the  oxygen  replaced  by 
laorine  (F^).  According  to  Rammelsberg  the  ratio  is  9  :  82  :  16 ;  he  writes  the  formula 
4(H.CaSi.0«-haq)-hKF.  This  requires:  SiUca  52  97,  lime  24  72,  potash  5*20,  water  15*90, 
fluorine  2 '10 =100 '89.  It  maybe  taken  as  a  unisilicate  if  part  of  the  silica  is  considered 
accessory. 

Pyr.,  etc. — In  the  closed  tube  exfoliates,  whitens,  and  yields  water,  which  reacts  acid.  In 
the  open  tube,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.  B.  B.  exfoliates, 
colors  the  flame  violet  (potash),  and  fuses  to  a  whibe  vesicular  enamel.  F.  =1*5.  Decom- 
posed by  hydrochloric  acid,  with  separation  of  slimy  silica. 

Diff. — Distinguishing  characters :  its  occurrence  in  square  prisms  ;  its  perfect  basal  oleav- 
age,  and  pearly  lustre  on  the  base. 

Obs. — Occurs  commonly  in  amygdaloid  and  related  rocks,  with  various  zeolites ;  also  ooca- 
sionallv  in  cavities  in  granite,  gneiss,  etc.  Greenland,  Iceland,  the  Farfle  Islands,  Andreas- 
berg,  the  Syhadrce  Mountains  in  Bombay,  afford  fine  specimens.  In  America,  found  in 
Nova  Scotia  ;  Bergen  Hill,  N.  J.;  the  Cliff  mine.  Lake  Superior  region. 

Chalcomorpuite  (v.  Rath)^  from  limestone  inclosures  in  the  lava  of  Niedermendig. 
Hexagonal.     Essentially  an  hydrous  calcium  silicate. 

Edinqtonite.— Analysis  by  Heddle,  SiOi  36-98,  AlO,  22-63,  BaO  26-84,  CaO  tr,  Na,0  tr., 
HsO  12  46=98  91.    Tetragonal.     Dumbarton,  Scotland. 

GiSMONDiTE.— Analysis,  Marignac,  SiO-,  35*38,  AlO,  27*23,  Ca01312,  K«02-85,  H,O21-10 
r=100'18.     Capo  di  Bove,  near  Bome  ;  Baumgarten,  near  Giessen,  eta 

Carpholite. — In  radiated  tufts  in  the  tin  mines  of  Schlackenwald ;  Wippra  in  the  Harx. 
Bases  mostly  in  sesquioxide  state  (Al,Mn,Fe). 


SUBSILICATES. 


Amorphous.  In  incrastations,  usually  thin,  with  a  mammillary  surface, 
and  hyalite  like  ;  sometimes  stalactitic.     Occasionally  almost  pulverulent 

n.=3.  G.  =  1*85-1 '89.  Lustre  vitreous  to  subresinous ;  bright  and 
waxy  internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green, 
brown,  yellow,  or  colorless.  Streak  nncolored.  Translucent.  Fracture 
imperfectly  conchoidal  and  shining,  to  earthy.     Very  brittle. 

Comp — Q.  ratio  for  M  :  Si  :  H,  mo8t|j=3  :  2  :  0  (or  5) ;  i^lSiOt+Baq,  or  AlSiOft+5aq= 
Silica  23*75,  alumina  40*62,  water  35*63=100.  PiumbaUophane,  from  Sardinia,  contains  a 
little  lead. 

The  coloring  matter  of  the  blue  variety  is  due  to  traces  of  chrysocoUa,  the  green  to  mal*- 
ohite,  and  that  of  the  yeUowish  and  brown  to  iron. 

Pyr.,  etc — Yields  much  water  in  the  closed  tube.  B.B.  crumbles,  but  is  infusible.  Qivflt 
ft  blue  color  with  cobalt  solution.     Gelatinizes  with  hydrochloric  acid. 

Obs. — AUopbane  is  regarded  as  a  result  of  the  deco.npositioa  of  some  aluminous  sUicata 
(f feldspar,  etc.) ;  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines,  especially  thoM 
of  copper  and  limoi^te,  and  even  in  beds  of  coaL  Found  at  Schneeberg  in  Sa:£ony  ;  at  Gtors- 
bach  ;  at  the  Chessy  copper  mine,  near  Lyons;  near  Woolwich,  in  Kent,  England.  In  tht 
U.  S.  it  occurs  at  Richmond,  Mass. ;  at  the  Friedensville  zinc  mines,  Pa. .  eta 

CoLi.TBiTE — A  hydrous  silicate  of  aluminum.  Clay-like  in  structure,  white.  Hove, 
England;  Schemnitz. 

Uranopuanb,  from  SUeu,  and  Uranotilb  ,  from  Wolaendorf,  Bavaria,  are  silicates 
taining  uranium. 
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11.  Zeolite  Skctiox. 

THOMSONITE.    Comptoniie. 

/A  /=  90°  40' ;  0^  I'l  =  144°  J' ;  oiiid  =0-7226  : 
1*01 17  :  1.  Cleavage:  i-l  easily  obtained  ;  i-i  less  sc  ; 
O  in  traces.  Twins :  cruciform,  having  the  vertical 
axis  in  common.  Also  columnar,  structure  radiated  ; 
in  radiated  spherical  concretions ;  also  amorphous  and 
compact. 

II.=5-5'5.  G.=2-3-2-4.  Vitreous,  more  or  less 
pearly.  Snow-white ;  impure  varieties  brown.  Streak 
uncolored.  Transparent — translucent.  Fracture  uneven. 
Brittle.  Pyroelectric.  Double  refraction  weak  ;  optic- 
axial  plane  parallel  to  O;  bisectrix  positive,  normal 
to  i-i ;  divergence  82°-82i°  for  red  rays,  from  Dumbarton ;  DesCl. 

Var. — Ordinary,  (a)  In  regular  crystals,  usually  more  or  less  rectangular  in  outline,  (b) 
\n  slender  prlsmSf  often  vesicular  to  radiated,  {c)  Radiated  fibrous,  (d)  Spherical  concre- 
iiions,  couHisting  of  radiated  fibres  or  slender  cr^'stals.  [e)  Massive^  granular  to  impalpable, 
and  white  to  radish- brown.     Ozarkite  is  maesive  thomsonite ;  rauiU  (Norway)  is  related. 

Oomp.— Q.  ratio  for  R(=:Ca,Na3)  :  ftiAl)  :  Si  :  H  =  l  :  8  :  4  :  2^,  Ca  :  Na4=2  :  1,  or  3  :  1  ; 
formula  2(Ca,Naa)AlSi30i,-i-5aq.  Analysis,  Rammelsbeig,  Dumbarton,  SiOa  38*00,  lUOa 
31-62,  CaO  12-60,  Na,0  462,  HaO  13-40=100-20. 

"PyT't  etc. — At  a  red  heat  loses  13*3  p.  c.  of  water,  and  the  mineral  becomes  fused  to  9 
white  enamel.  B.  B.  fuses  with  intumescence  at  2  to  a  white  enameL  Gelatinizes  with 
hydrochloric  acid. 

Obs. — Found  in  cavities  in  lava  and  other  igneous  rocks  ;  and  also  in  some  metamorphic 
rodss,  with  elasolite.  Occurs  near  Kilpatrick,  Scotland  ;  in  the  lavas  of  Somma  (comptoniUi) ; 
in  Bohemia ;  in  Sicily  ;  in  Faroe  ;  the  Tyrol,  at  Theiss ;  at  Monzoni,  Fassathal ;  at  Peter's 
Point,  Nova  Scotia  ;  at  Magnet  Cove,  Arkansas  {ozarkitc). 


Orthorliombic. 


NATROLTTE.    Meaotype.    Nadelzeolith,  Germ, 

I A  1=91%  0M-l  =  U4t^  23';  c  :  I :  d  =  0'35S2b  : 
1"0176  :  1.  Crystals  usually  slender,  often  acicular ;  fre- 
quently interlacing  ;  divergent,  or  stellate.  Also  fibrous, 
radiating,  massive,  granular,  or  compact. 

H.=5-5-5.  G.=217-2-25 ;  2249,  Bergen  Hill, 
Brush.  Lustre  vitreous,  soniclimes  inclining  to  pearly, 
especially  in  fibrous  varieties.  Color  white,  or  colorless; 
also  grayish,  yellowish,  reddish  to  red.  Streak  uncolored. 
Tiansparent — ti-anslucent.  Double  refraction  weak ;  op- 
tic-axial plane  i-i ;  bisectrix  positive,  parallel  to  edge 
///;  axial  divergence  94°-96  ,  red  rays,  for  Auvergne 
iTystals;  95°  12'  for  brevicite;  DesCl. 

• 

Comp — Q.  ratio  for  R  :  ft  :  Si  :  11  =  1  :  3  :  6  :  f ;  and  for  B  :  8i= 
8  :  3(B=Naa,3R=H);  formula  Na,AlSi,0i.-h2aq=SUica  47  39,  alumina  20CHi,  soda  16-30, 
water  0-45~100. 

P3rr.,  etc. — In  the  closed  tube  loses  water,  whitens  and  becomes  opaque.  B.B.  fuses  quictlj 
it  2  to  a  colorless  glass.  Fusible  in  the  iame  of  an  ordinary  steaiuie  or  wax  caiidle.  Geia 
UxiUes  with  aoida. 
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HIS. — Some  *ttrieti«s  resemUe  peotolite,  thomsonite,  bnt  difitmfniuliad  B.B. 

Obi. — Occnrn  in  covities  in  amfgdaloidal  tmp.  baoalt,  and  otbetifctieoaB  rocks ;  and  Mm*- 
timna  in  sesims  in  ^luiiM,  gneiu.  >uid  Hyeaite.  It  is  found  in  Bohemia ;  in  Auveivne ;  Faaaa 
Uul,  Tyial ;  Kapnilt ;  at  Qten  Faig  in  Fifeshire ;  in  Dumbartonshire.  In  Koitik  ibneriaa, 
ocoora  in  tiie  trap  of  Sova  Scotia ;  at  Bergen  Hill,  N.  J. ;  at  Copper  Falls,  Lake  Snperiot. 


SCOLZtOITE.    Poooahlite. 

Moiiocliiiic     a=89''Q\lAl=91'-3e',  OAUi  =  iQl°  16i 
=  0-3485  :  10282  : 1.     Crystala  luns  or  short  prisms,  or 
aciuiilar,  mrely  well  teriiiiiiRted,  ana  always  compound. 
Twins:  twiniiing-planei-i.     Cleavage:  /nearly  perfect.        J^ 
Also  in  nodules  or  massive ;  tibrotis  and  radiated. 

H.=5-5-5.  G.  =  216-2-4.  Lusti-e  vitreous,  or  silky 
when  tibrona.  Transparent  to  snbtrauslnceiit.  Pyro- 
electrio,  the  free  end  of  the  crystals  the  antilogiie  pole. 
Double  refraction  weak  ;  optic-axial  plane  normal  to  i-i ; 
divergence  53°  41',  for  the  red  rays;  bisectrix  negative, 
pai-allel  to  i-i ;  plane  of  the  axis  of  the  red  i-aya  and  their 
liiseutrix  inclined  about  17'^  8'  t<)  i-i,  and  93°  3'  to  1-i. 

Oomp.— Q.  ratio  for  B:  ft  :  Si  ;  H=l  :  a  :«  :8;  forEt8a=ft)  :  Si=2  :  3,  aainnattolito; 
B=Ca,H  =  Al;  formula  0kAJ3iiO,.+;laq  =  »iUoa  4583.  alnmina  3013,  lime  1426,  water 
13-TO  =  100. 

Fyr.,  etc.^B.B.  sometimea  curls  up  like  a  worm  (whenoe  tha  name  from  aKiikiii,  a  uonn, 
irbicb  )(ives  KCoUcile,  and  not  »e'd«iUe  or  ut^ieiilt) ;  other  varieties  intumegce  but  alif^hlly,  and 
•11  fnno  at  2-2'2  to  a  white  blebby  enamel     Gelatinizes  with  acids  like  natrolite. 

Dift— (Jhacacteriied  bj  its  |iyrc^[iiostic». 

Oba.— Occurs  in  the  Bemflonl,  Iceland  ;  also  at  Statfa  ;  in  Skye,  at  Taliaker  ;  near  Poonah, 
Uindoxton  {PoormAiite] :  in  Greenland  ;  at  Farf^aa,  Finland,  etc. 

MBSOLrrE. — (Ca,Nai)A:lSiiOiB+8aq(5p.  c.  Na,0).    If  ear  scolecite.    Iceland;  NoTaSootia, 

LevrNlTE.— Bhombohedrd.  Q.  ratio  forB  :  ft  :  Si  ;  U=l  :  3  :  S  :  4.  Analysis,  Damoor, 
loeUud,  SiO.  45-76,  AlO,  2356,  CaO  10  57,  Na,0  IM,  K,0  164,  H,0  17-38=100-33.  Ire- 
land ;  Faroe ;  loelaad. 


AMAX.OITXI.* 

}siimL'tric()).  Usually  in  trapezohedrous  (f.  54,  p.  18).  Cleavage. 
L-iibi'   in  traces.     Also  massive  granular. 

lI.=5-5-5.  G.=2-22-2-29;  2-278,  Thomson.  Lustre  vitreous.  Color- 
less; white;  occasionally  grayish,  gi-eenisli,  yellowish,  or  reddish- white. 
Streak  white.  Transparent — nearly  opaque.  Fracture  subcnnchoidal, 
uneven.     Brittle. 

Oomp.--Q.  raUoforB:  ft  :  Si:  H=t  :  3  ;  8  :  2.  B=Na„  «=A1=3B;  E:  Si=l  :  2.  For 
mala  Na,AlSi.O,if2aq=3Uica  54-47,  alumina  23 -29,  soda  14-07,  water  «-17  =  100. 

Pyr.,  etc.— Yieldg  water  in  the  closed  tubs.  B.B.  fuses  nb  2-3  bo  a  colorleBs  glasa.  OeUti- 
aiaea  with  hydrochloric  acid. 

Diff. — Dibtingiusbing  obamcters  :  crystalline  form  ;  absence  of  cleavage  ;  fusion  B.B.  leith- 
mil  intumescenoe  to  a  clear  glass  (onltke  chabasitei. 

Obs. — Some  localities  are  :  the  Tyrol ;  the  Eilp^tLnck  Hills  in  Scotland  ;  the  FarSe  Islands ; 
Icoland ;  Aussig,  Bohemia ;  Nora  Sootia  ;   Bermui  Hill,  Xeir  Jersey ;   the  Lake  SupuiJM 


344  DssoBipnrB  uiiteraloot. 

FACJAHrrB. — An  ootaliednl  Molita  from  the  Eaiaeratiiblnblnn.  Analyos,  Dunonr,  flK)i 
«ia,  AlO,  16  81.  Ca0  4'7B.  Na,OB-<».  H,0  27^)3=W  83. 

Eddsofhitii.     Near  ftiialJoite.     In  B^euite  aeu-  BreT%,  Horway. 

PnjKiTE.  —In  slender  needlea  (oithorliDinbic; ;  white ;  laArs  ulkf.  Analj^  SiOa  60*70, 
MO,(F«0,)  18-M,  CaO  19.51,  Li,0  (118),  H,0  4^7=100.    In  gnMto  of  SCriegan,  SUmIb 


Rhombohedral.  5  A  fi  =  94°  46',  0  A  iZ  =  129"  15' ;  c  =  1-06.  Twiiw : 
twinuing-plane  O,  very  common,  and  ueiiallv  in  compomid  twioB,  bb  in 
f.  644 ;  a^o  S,  rare.     Cleavage  rhombohedral,  rather  distinct. 


Hojdenlte. 


H.=4-B.  G.=2-08-2-19.  Lustre  vitreouB.  Color  white,  flesh-red; 
Btreak  uiicolored.  Tranapareiit — translucent.  Fractnie  uneven.  Brittle. 
Double  refi-action  weak  ;  in  polarized  light,  images  rather  confiified ;  axis 
in  some  cnatala  (Bohemia)  negative,  in  otiiers  (from  Andreashcrg)  posi- 
tive ;  DeeCl. 

Var. — I.  Ordinary.  The  most  common  foim  is  the  fundamental  ibombohedroa.  in  which 
the  angle  is  so  near  90'  that  the  CT}'sta!a  were  at  ficBt  miataken  for  cnhna.  AeadiiiUle.  from 
Nova  Sootia  {Aeadia  of  the  French  of  last  centuc;),  is  only  a  reddish  chabiuitc  ;  sometimes 
Dead;  colorleEa.  In  gome  specimens  the  coloring  matter  is  arranged  in  a  tesselated  manner, 
or  in  Isyere,  with  the  angles  Hlmost  colorless.  2.  PhaeolUe  is  a  oolorless  varietv  occorring  in 
twins  of  moatif  a  hexagonal  form,  and  often  much  modiGed  bo  as  to  be  lenticular  in  shape 
(whenoe  the  name,  from  ouids,  a  bean)  \  the  original  was  from  Leipa  in  Bohemia ;  £a  R 
=94°  34 ,  fc.  Oberatein.  Breith, 

Oomp.— Making  part  of  the  water  basic  {at  .lOO'  C.  losee  17-19  p.  c.)  Ilammelsberg  write* 
the  formQla(H,K|,Ca^lSi(0,(+(taq,  where  theQ.  ratio  for  K  :  K  :  Si=3  :  3  :  10.  B  =  H„Na„ 
Ca:  or(aR=fi),  S  :  Si  =  1  ;  2.  The  formiUa  corresponds  to  Silica  5050,  aluminn  1720,  lime 
943,  potaahl-9H,  water  2083  =;100. 

Pyr.,  etc B.B.  intamesces  and  fnses  to  a  bleliby  glass,  nearly  opaqne.     Decomposed  by 

hydrochloric  acid,  with  separotion  of  slimy  silica 

Dlff — Ita  rhombohedral  form,  resembling  a  cube,  is 
eSerreeoe  with  ncida  liha  caldte  ;  is  unlike  fluorite  ii 
cmoe  to  a  blebby  glass,  unlike  onaloite. 

Oba.— Chabazite  occurs  mostly  in  trap,  basalt,  or  amygdaloid,  and  occasionally  in  gnaiM, 
syenite,  mica  schist,  homblcndic  Bchist,  At  the  Faroe  Islands,  Gr-enland,  and  Iceland  ;  at 
Anssig  in  Bohemia  ;  Striegnu,  Silesia.  Tu  Nova  Scotia,  wine-jellow  or  HeBh-rod  (the  laat  the 
oeadiulUe),  etc.^  at  Bergen  HJU,  N.  J.;  at,  Jones's  Falls,  near  Baltimore  [ImyiUniU). 

SkebaCiIITE:  (Suun-j  from  Biohmond,  Victoria,  is,  according  to  v.  Batli,  identical  with 
^acoUU ;  and  h»  ■.iggests  the  Mine  msj  be  true  of  BicaaCHKLiTB,  from  Ad  CaateUo,  BioOj. 
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JIhombohedi-al.  BaRz^  112°  26',  O  KR  =  O  A-1  =  140'  8' ;  i  si 
0'7254.  Crystals  usually 
hexagonal  in  aspect ;  some- 
cimes  habit  rliombohedral ; 
i  ofteu  horizontally  stri- 
ated. Cleavage:  i  perfect. 
Observed  only  in  crystals, 
aud  never  as  twins. 

lI.=4-5.  G.=2-04-2-17. 
Lustre  vitreous.  Colorless, 
yellowisli-white,  greenish - 
white,  reddish- white  liesh- 
red.  Transparent  to  trans- 
lucent.    Brittle. 


C.  BlomidoD,  eto. 


C.  Blomidon. 


Oomp.— Q.  ratio forR  :  R  :  Si :  H=l  :  3  :  8  :  G,  R=Ca(Na„K,),  H=A1.  Formula  (C«,N»t) 
.\:lSi«0„+6aq.  Analysis  by  Howe,  Bergen  Hill,  SiO,  4867,  AlO,  18-72,  FeO,  010,  CaO 
2-60,  Na,0  9- 14,  H,0  21 '35 =100  08  (Am.  J.  Sci.  III.,  xii.,  270,  1876). 

Pyr.,  etc. — In  the  closed  tube  crumbles,  gives  off  much  water.  B.  B.  fuses  easily  to  a  white 
enamel     Decomposed  by  hydrochloric  acid  with  gelatinization. 

Diff. — Closely  resembles  some  chabazite,  but 'differs  decidedly  in  angle. 

Obs. — Occurs  at  Andreasberg;  in  Translyvania ;  in  Antrim,  Ireland ;  near  Lame ;  at  Taiiakar 
in  Skye ;  at  Cape  Blomidon  and  other  localities  in  Nova  Scotia  {ledererite)  \  in  fine  czystala  of 
▼aried  habit  at  the  Bergen  HiU  tunnel  of  1876. 

PHTTJ.TPSITB.* 
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Orthorhoinbic.  /a/=  91^  12' ;  1  A  1  =  121^  20',  120°  44',  and  88^  40' 
Marignac.  Faces  1  and  i-l  striated  parallel  to 
the  edge  between  them.  Simple  crystals  nn- 
known.  Commonly  in  cruciform  crystals,  consist- 
ing of  two  crossing  crystals,  each  a  twinned 
prism  (f.  647).  Crystals  either  isolated,  or 
grouped  in  tufts  or  spheres  that  are  radiated 
within  and  bristled  with  angles  at  surface. 

II.  =4-4  5.  G.=2'201,  Lustre  vitreous. 
Color  wliite,  sometimes  reddish.  Streak  un- 
colored.     Translucent— opaque. 

Oomp.— Q.  ratio  for  B  :  B  :  8i  :  H=l  :  3  :  8  :  4,  B=Oa 
and  K2(Na,, ;  Ca  :  Ki-'^  :  1,  2  :  3,  etc.  Formula  BMSi40,3 
4-4aq.  Analysis  by  Ettling,  Nidda.  Hessen,  SiOa  48  13, 
AlOa  21-41,  CaO  8-21,  K^O  520.  Na^O  0*70,  H^O  16  78= 
100-48. 

Pyr.,  etc.— B.B.  crumbles  and  fuses  at  3  to  a  white  enamel. 
Gelatinizes  with  hydrochloric  acid. 

T}i&. — Resembles  harmotome,  but  distinguished  B.B. 

Obs. — At  the  Oiant's  Causeway,  Ireland ;  at  Capo  di  Hove, 
near  Rome  ;  in  SicUy  ;  Annerode,  ne.'u:  Giessen ;  in  Silesia ; 
Bohemia  ;  on  the  west  coast  of  Iceland. 

Streug  (Jahrb.  Min.,  1876,  585)  shows  that  the  forms  are 
exactly  analogous  to  those  of  hannot^me,  and  snggesta  that 
it  may  be  also  m<xiocliiiio. 


C.  di  BoTO. 


.y 


DKBOBIPnVK   HUTEBALOOT. 


Monoclinic  (DeeOloizeaiix).    Cleavage ;  /,  O,  eaey.    Simple  crystals  ao- 
koowD.     Occurniig  in  peiieti-a- 
046  649  tion-twins.     Unknown  inaseiva 

H.  =4-5.  G.  =2-44-2-45. 
Lustre  vitreous.  Color  white  ; 
jjassiiig  into  gmv,  jclliiw,  red, 
or  brown.  Streak  white.  Sub 
transparent— ti-aiisluceiit.  Fi-ae- 
tuie  uneven,  imperfectly  con- 
elioidal.     Brittle. 

Comp.— Q.  ratio  for  R  :  fi  ;  Si :  H 
=  1:3:10:5;  her«  K=Ba  moatl;, 
ftlsoK,  1  K=A1.  Foimula  RAlSitO,, 
+5Hq.  U  one-fifth  of  the  water  i« 
chemioftUf  combined  (BammelBberg  then  the  formula  oorrespondB  to  HiB:^ISi,0i>+4iiq. 
Both  formnlos  give  Si]cs4d  01  3lnmmal670  bor^U  20-00,  potash  Il-ct4.  water  14'90  =  100. 
PyrT  otc— B  B  wh  tens  then  crumbles  and  fuses  at  3-5  without  intamesoeDce  to  a  white 
tikiulacent  glass.  Some  varieties  phosphoresce  when  heated.  Decomposed  b;  hydroohlorie 
odd  without  gelatiniEiiig. 

Siff. — Characterized  b;  its  crj^staUixalioq  in  twins  i  the  preseoce  of  barium  separates  it 
from  other  species. 

Obs. — Hormotome  occurs  in  amygdaloid.  phonol;te,  tracb;t« ;  also  on  gneiss,  and  in  soma 
metalliferous  veins.  At  Strontiim  in  Scotland;  at  Andreaaberg ;  at  Rndelstadt  in  Silesia. 
Bchiffenberg,  near  Qiessen,  etc. ;  Oberstein ;  in  the  gneiss  of  upper  New  York  City. 

DosOloiiBBUx,  who  has  shown  the  monocUnio  character  of  the  species  by  optical  means,  liM 
adopted  a  different  petition  for  the  cryiitals  (1  —I,  etc.). 


Strontiau. 


Andreasberg 


8TILBITB.*  Deamine. 

yAi  =  94''Hf,  lAl,  front,  =  119M6',  side,  114°  0'. 
Cleavage :  i-l  perfect,  i-t  less  so.  Forms  as  in  f.  C50 ; 
more  common  with  tlio  prism  flattened  parallel  to  t-j 
or  the  cleavafie-face,  and  pointed  at  the  extremities. 
Twins:  cniciforin,  twinniiig-plnne.  1-i, rare.  Commou 
in  sheaf -like  aggregations ;  divergeutor  radiated  ;  somo 
times  globular  and  thin  lamellaiwolumnar. 

H.=3  5-4.  G.  =2-094-3-205.  lusli-e  of  ?"-{  yearly. 
of  otiier  faces  \itrcous.  Coloi-  wliitc ;  occasionally 
yellow,  brown,  or  red,  to  brick-red.  Streak  iincolored. 
Transparent — translucent.     Fractiii'c  inicvcii.     liritlle. 

Var, — 1.   Ordinnrg.     EUther  (o)  in  crystalH,  lintteoed  and  peaily 

parallel  to  the  plane  of  cleavage,  or  sheat-like.  or  divergent  groups  ; 

or  (£'  iu  radiated  ntars  or  hemispherea.  with  the  radiating  individual! 

showing  a  pearl;  cleavage  surface.    SpharotlilbiU,  Bcud,  ia  in  spherea, 

radiated  within  with  a  pearly  fracture,  rather  soft  eitemaily. 

ioforB  :  H  :  Si  :  H  =  l  :  11  :  13  :  6  ;  K=Ca(Na,).«_  M.   Formula H.-^18i,0„ 

_      o  parts  of  water  are  basic  iRamm.j  the  niUo  becomes  lB=CiL.H.,.Nai)  3  :  B  :  18 

:4,OrB  :  Si=l  :  3,  and  the  formulik  in  H,RAlSi>0,.-<-4a(].      Analysis.  PeterHeu,  Soieser  Alp. 

BIO,  M-61,  AlO,  15  (ia,  CnO  733,  Na.O  3-01.  K,0  0-47,  H,0  18-]a=H9'23. 

Pyr.,  «t«. — B,B.  exfoliates,  swells  up.  curves  into  fan-like  or  vermicular  forms,  and  (bmi 


Comp. — Q.  T. 
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te  a  white  enamel  F. =2-2*5.  Decomposed  by  hydrochloric  acid,  without  gehitiniziii^.  The 
^hwroBtSbiU  (platinizes,  bat  Heddle  says  this  is  owing  to  a  mixture  of  meMUte  with  the  stil- 
bite. 

Diff. — Prominent  characters:  occurrence  in  sheaf-like  forms,  and  in  the  rectangulai 
tabular  crystals ;  lustre  on  cleavage -face  pearly  ;  does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  amygdaloid.  It  is  also  found  in  some  metal- 
liferous veins,  and  in  granite  and  gneiss.  The  Faroe  Islands,  Iceland,  and  the  Isle  of  Skje ; 
in  Dumbartonshire.  Scotland  ;  at  Andreasber^  ;  Arendal  in  Norway  ;  in  the  Syhadree 
Mts.,  Bombay  ;  near  Fahlun,  in  Sweden.  In  North  America,  at  Bergen  Hill,  New  Jersey  ; 
at  the  Michipicoten  Islands,  Lake  Superior  ;  Nova  Scotia,  etc. 

The  name  HtUbite  is  from  arik(i/^^  lustre ;  and  destrUne  from  '^iafitj^  a  bundle.  The  speoiei 
stilbite,  as  adopted  by  Haiiy,  included  Strahlzeolith  Wera.  (radiated  zeolite,  or  the  above), 
and  Bldtterzeolith  Wern.  (foliated  zeolite,  or  the  species  heulaudite  beyond).  The  former  wa/» 
the  typical  part  of  the  species,  and  is  the  first  mentioned  in  the  description  ;  and  the  lattei 
he  added  to  the  species,  as  he  observes,  with  much  hesitation.  In  1817,  Breithaupt  separated 
the  two  zeolites,  and  called  the  former  desmine  and  the  latter  enzeolite^  thus  throwing  aside 
entirely,  contrary  to  rule  and  propriety,  Haiiy^s  name  ittUbite^  which  should  have  been  accepted 
by  him  in  place  of  desmine,  it  being  the  typical  part  of  his  species  In  1822,  Brooke  (ap- 
parently unaware  of  what  Breithaupt  had  done)  used  stilbite  for  the  first,  and  named  the  othei 
heuUmdU^.  In  this  he  has  been  foUowed  by  the  French  and  English  mineralogists,  while  the 
Germans  have  unfortunately  followed  Breithaupt. 

Epistilbitb  (/2ei»A/^e). — <!)omposition  like  heulandite,  but  form  orthorhombio.  Iceland; 
Faroe ;  Poonah,  India,  etc.  ;  Bergen  Hill,  N.  J. 

FoRESiTE.— Resembles  stilbite  in  form.  Q.  ratio  for  R  :  ft  :  Si  :  H— 1  :  6  :  12  :  0.  Formula 
B:ti<iSi«Oi9+0aq.  (R=Na2  :  Ca=l  :  3).  Occurs  in  ciystalline  crusts  on  tourmaline,  in  oavitiet 
in  granite.     Island  of  Elba. 


HEULANDITB.    StUbit,  Qerm. 


Monoclinic.  C  =  88°  35',  /A  /=  136°  4',  0M'\  =  156°  45' ;  c  :  J  :  i 
1-065  :  2*4785  :  1.      Cleavage  :   clinodiagonal  (i-i)  emi- 
nent    Also  in  globular  forms ;  also  granular.  651 

H.=3*5-4.  Cj.=2'2.  Lustre  of  i-i  strong  pearly  ;  of 
other  faces  vitreous.  Color  various  shades  of  white, 
j)aR8ing  into  red,  gray,  and  brown.  Streak  white. 
Transparent — subtranslucent.  Fracture  subconchoidal, 
uneven.  Brittle.  Doable  refraction  weak ;  optic-axial 
plane  normal  to  i-i;  bisectrix  positive,  parallel  to  the 
horizontal  diagonal  of  the  base ;  DesCl. 

Comp.— Q.  ratio  for  R  :  ft  :  Si  :  H=l  :  3  :  12  :  5 ;  R=Ca(NaO. 
Formula  CaAlSi«0,«4-5aq,  or  if  2H.2O  be  basic  (Ramm.)  then  the 
ratio  becomeH  1:1:4  (R=Ca  and  H9),  and  the  formula  H4Ca:MSi« 
Oi„+3aq.  Both  require  Silica  59*06,  alumina  16*83,  lime  7*88,  soda 
1*46,  water  14-77  =  100. 

Pyr.  —  B.B.  same  as  with  stilbite. 

Diff.— Distir  guished  by  its  crystaUine  fonu.     Pearly  lustre  of  i-l  a  prominent  character. 

Obs.— Heulimdite  occurs  principally  in  amygdaloidal  rocks.  Also  in  grneiss,  and  occasionaUy 
in  metalliferous  veins.  Occurs  in  Iceland;  the  Far«3e  Islands;  the  Vendayah  Mountains, 
HindoHtan.  Also  in  the  Kilpatrick  Hills,  near  Glasgow ;  in  the  Fassa  Valley,  Tyrol ;  An- 
dreasbcrg  ;  Nova  Scotia,  etc. ;  at  Bergen  Hill,  New  Jersey ;  on  north  shore  of  Lake  Superior; 
at  Jones's  >'alls,  near  Baitimoro  (Levy's  benumoatite). 

For  the  relation  of  the  synonymes  see  stilbit,  aboTC. 

Brrw'stkrite.  -Q.  ratio  same  a^  for  heulandite.  but  R  is  here  Ba  or  Sr  (Ca).  Formula 
requires  SiO,  53*5,  AlOt  15*3,  BaO  70.  SrO  10  2,  HaO  13*4=100.  Monoclinic.  Sfa-ontian  in 
Argyleshire,  eta 
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m.    Maboaroputllitb    Section. 

B18ILICATE8. 

The  Margarophyllites  are  often  foliated  like  the  micas,  and  the  naoM 
alludes  to  the  pearly  folia.  Massive  varieties  are,  however,  the  most  ccm- 
moD  with  a  large  part  of  the  species,  and  thej  often  have  the  compactness 
of  clay  or  wax.  Talc,  pyrophyliite,  serpentine,  aro  examples  of  species  pre- 
senting  both  extremes  of  structure ;  while  piuite  occurs,  as  thus  tar  known, 
only  in  the  compact  condition.  The  true  Margarophyllites  are  below  5  in 
hardness ;  greasy  to  the  feel,  at  least  when  fine^  powdered. 

TALO. 

Orthorhombic.     /A  /  =  120®.     Occurs  rarely  in  hexagonal  prisms  and 

{nates.     Cleavage:  basal,  eminent.     Foliated  massive,  sometimes  in  globu- 
ar  and  stellated  groups ;  also  granular  massive,  coaise  or  fine;  also  com- 
pact or  cryptocnstalline. 

H.=l-1"5.  (5^.= 2*5 65-2-8.  Lustre  pearly.  Color  apple-gi  ren  to  white, 
or  silvery-white ;  also  greenish-gray  and  dark  green  ;  sometimes  bright 
green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent  at 
right  angles  to  this  direction ;  brownish  to  blackish-green  and  reddish  w^hen 
impure.  Streak  usually  white ;  of  dark  green  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent.  bectile.  Thin  lamuiaj  flexible, 
but  not  elastic.  Feel  gresLsy.  Optic-axial  plane  i-i ;  bisectrix  negative,  nor- 
mal to  the  base ;  DesCl. 

Var. — FcUatedy  Tale.  Consists  of  foUa,  usuaUj  eaaily  separated,  haying  a  greasy  feel,  and 
presenting  ordinarily  light  green,  greenish-white,  and  white  colors.  G.=2'55-2'7(j.  (a) 
Massive^  StealiU  or  Soapstone  (Speckslein,  Germ. ),  Coarse  granular,  gray,  grayish-gpreen,  and 
brownish -gray  in  colors.  H.  =1-2*5.  {b)  Fine  granular  or  cr^'ptocrystalline.  and  soft  enough 
to  be  nsed  as  chalk,  as  the  Frenc/i  chalk  {Crate  de  Brianqon)^  which  is  milk-white,  with  a 
pearly  lustre. 

Oomp. — Q.  ratio  forMg  :  Si=2  :  5,  or  3  :  4,  with  a  varying  amount  of  water  in  both  talc  and 
steatite,  from  a  fraction  of  a  per  cent,  to  7  p.  c.  If  the  water  is  basic,  the  ratio  becomes  fox 
B  :  Si=l  :  2,  (B=Mg(Fe)  and  H,),  and  the  formula  is  HaMgaSifOjt,  (Bamra.)=: Silica  68-49, 
magnesia  31*75,  water  4*76=100 ;  the  analyses  show  generally  1  or  2  p.  c.  of  FeO. 

Pyr.,  etc. — In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water.  In 
the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a  white 
enamel  Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.  Not  decern- 
posed  by  acids. 

JHSL, — Beoognized  by  its  extreme  softness,  unctuous  feel,  and  usually  foliated  structure. 
Inelastic  though  Hexible.     Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitutes  exten- 
■ive  beds  in  some  regions.  It  is  often  associated  with  serpentine  and  dolomite,  and  frequently 
contains  crystals  of  dolomite,  breunerite,  asbestus,  actinolite,  tourmaline,  magnetite.  Steatite 
lathe  material  of  many  pseudomorphs,  among  which  the  most  common  are  those  after  pyroxene, 
hornblende,  mica,  scupolite,  and  spinel.  The  magnesian  minerals  are  those  which  commonly 
afPord  steatdte  by  alteration ;  while  those,  like  scapolite  and  nephelite,  which  contain  soda  and 
no  magnesia,  most  frequently  change  to  pinite-like  pseudomorphs.  lierutstlaei-Ue  and 
9}  ^aUi^te  are  pseudomorphous  varieties. 

Apple-green  talc  occurs  near  Salzburg ;  in  the  Valais ;  also  in  Cornwall,  near  Lizard  Point, 
with  serpentine ;  in  Scotland,  with  serpentine,  at  Portsoy  and  elsewhere ;  etc.  In  K. 
America,  some  localities  are :  Vemwntt  at  Bridgewater ;  Grafton,  etc.  In  New  Hampthire^ 
at  Pelham,  etc.  In  H  laUind^  at  Smithfield.  In  N.  York^  near  Amity.  In  Penn,^  at  Texas | 
ikt  Chestnat  Hill,  on  the  SchuylkilL    In  Mar^nd^  at  Cooptown. 
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PTROPHYI«IiITB.    Agalmatolite  or  Pagodite  pt. 

Ortliorhombic.  Not  observed  in  distinct  crystals.  Cleavage:  basal 
eminent.  Foliated,  radiated  lamellar;  also  granular,  to  compact  or  cry f  to- 
crystalline  ;  the  latter  sometimes  slatv. 

H.  =  l-2.  G.=2-75-2-92.  Lustre^of  folia  pearly,  like  that  of  talc  ;  of 
massive  kinds  dull  or  glistening.  Ck>lor  white,  apple-green,  grayish  and 
bmwnish-green,  yellowisli  to  o(5hre-yellov7,  grayish- white.  Subtransparent 
to  opaque.  Laminae  flexible,  not  elastic.  Peel  greasy.  Optic-axial  angle 
large  (about  108°) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 

Var. — (1)  Foliated,  and  often  radiated,  closely  resembling  talc  in  color,  feel,  lustre,  and 
Btmctnre.  (2)  Compact,  massive,  white,  grayish,  and  greenish,  somewhat  resembling  com- 
pact steatite,  or  French  chalk.  This  compact  Tariety,  as  Brash  has  shown,  includes  part  of 
what  has  gone  under  the  name  of  agalmatolite,  from  China ;  it  is  used  for  slate-penoilB,  and 
Ls  sometimes  called  pencU-stone. 

Gomp. — Q.  ratio  for  ::V1  :  Si=l  :  2,  also  in  other  cases  8  :  8,  Formula  for  the  first  ca8e= 
AlSi,0,-i-aq  (Ramm.).  Analysis,  Chesterfield,  S.  C,  by  Genth,  SiO,  ($4-«2,  AID,  38'48,  ¥eOi 
0-96,  MgO  0  83,  CaO  0*55,  H^O  5-2o=100-39. 

Pyr.,  etc. — Yields  water.  B.B.  whitens,  and  fuses  with  difficulty  on  the  edges.  The 
radiated  varieties  exfoliate  in  fan-like  forms,  swelling  up  to  many  timen  the  original  volume 
of  the  assay.  Heated  with  cobalt  solution  gives  a  deep  blue  color  (alumina  u  Partially  decom- 
posed by  Bulphuric  acid,  and  completely  on  fusion  with  alkaline  carhoaatcH. 

Obs. — Compact  pyrophyUite  is  the  material  or  base  of  some  schUtoae  rocks.  The  foliated 
variety  is  often  the  gangue  of  cyanite.  Occurs  in  the  Urals ;  at  Westana.  Sweden ;  near  Ottrei 
in  Luxembourg  ;  in  ChcHterfield  Dist.,  S.  C  ;  in  Lincoln  Co.,  Ga. ;  in  Arkansas.  Tha  oompaot 
pyrophyUite  of  Deep  River,  N.  C. ,  is  extensively  used  for  making  slate  penoili. 

PniLiTE  {cyinatoliU)y  near  pyrophyUite. 


SEPIOUTZL*  Meerschaum,  Qerm.    L^Ecume  de  Mer,  Fr, 

Compact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like. 

H.=2-2'5.  Impressible  by  the  nail.  In  dry  masses  floats  on  water. 
C5olor  grayish-white,  white,  or  with  a  faint  yellowish  or  roddish  tinge. 
Opaque. 

Comp. — Q.  ratio  for  B  :  Si  :  H=l  :  3  :  1,  corresponding  to  MgsSiaOt  +  2aq :  or,  if  half  the 
wat«r  is  basic.  1:2:  i=H3]llg3Si,0»  +aq=SiHaa  00*8,  magnesia  271,  water  12*1=100.  The 
amount  of  water  present  is  somewhat  uncertain. 

Pyr.,  etc.— In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher  temperature 
given  much  wat^T  and  a  burnt  smell.  B.  B.  some  varieties  blacken,  then  burn  white,  and  fuse 
with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on  ignition.  Decomposed 
by  hydrochloric  acid  with  gelatinization. 

Obs. — Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains 
of  Eakihi  sher  ;  ai.so  found  in  Greece ;  at  Hrubsohits  in  Moravia ;  in  Morooco ;  at  Vallecas  in 
Spain,  in  extenKive  bods. 

The  word  vicd^tchtnun  is  German  tor  sea-frothy  and  alludes  to  its  lightness  and  color.  Sepuh 
lUe^  Giockcr,  is  from  c//-ta^  culUe-fiali^  the  bone  of  which  is  light  and  porous,  and  also  a  pro* 
duction  of  the  sea. 

APiiKODiTf:. — iMgSiOs-f-Baq.     Resembles  sepiolite.     Longban,  Sweden. 

Smectitk. — Fuller's  earth  pt.     A  greenish  clay  from  Styria. 

Montmorima)Mte. — A  rose-red  clay  containing  more  alumina  than  smectite,  from  Honk* 
morillon,  France. 

Celaix).N!TK. — A  variety  of  "green  earth"  from  Mt.  B;»ldo,  near  Veroiia. 

GLAUCONirK. — Green  earth  pt.  A  hydrous  silicate  of  iron  and  potassium,  but  alwajrt 
Impure.    CouMtitutes  the  green  sand  of  the  chalk  and  other  formations  {e.g.,  in  New  Jersey). 

Stilpnomklank. — In.  foliated  platoi,  or  as  a  velvety  ooating.     Hsiantisn/  a  b/droos  ivo0 
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^)  olioate.  Color  black  to  jellowifih-bronze.  Silesia;  Weilburg;  Naaun;  Sterling  iroE 
mine  ^  Antwerp,  N.  Y.  {ehaleodite), 

CnLOROPAii. — Compact,  earthy.  Color  greenisli -yellow.  A  hydrated  iron  eilioate.  Formula 
FeSiaOt+5aq.     Andreaaberg ;  Steinbeig  near  Gkjttingcn ;  Nontron  {nantr(mite\  Franoe,  eto. 

A  BR  [KITE. — Perhapa  related  to  chloropal  {Lasaulx).     Color  blue.     Spain. 


UnISTLI  GATES. 

Serpentine  Orovp. 

SERFENTINB.* 

Orthorhombic  (?).  In  distinct  crystals,  but  only  as  pseudoraorphs.  Some 
times  foliated,  folia  rarely  8ei)arable ;  also  delicately  fibrous,  the  fibres  often 
fiasily  separable,  and  either  flexible  or  brittle.  Usually  massive,  fine  granu- 
lar to  impalpable  or  cryptocrystalline ;  also  slaty. 

H,=2'5-4,  rarely  5'5.  G.=2*5-2'65;  some  fibi-ous  varieties  2-2-2'3 ; 
I'etinalite,  2'36-3'55.  Lustre  snbresinous  to  greasy,  pcaily,  earthy ;  resin- 
like, or  wax-like ;  usually  feeble.  Color  Icek-grcen,  I)lackish-greeu,  oil 
and  siskin-green,  brownish-i^ed,  brownish-yellow;  none  bright;  sometimes 
nearly  white.  On  exposure,  of  ten  i)ecoming  yellowish -gray.  Streak  white, 
slightly  shining.  Translucent — opaque.  Feel  smooth,  sometimes  greasy. 
Fracture  conchoidal  or  splintery. 

Var. — ^Many  unmistained  speciea  have  been  made  o::t  of  serpentine,  differing  in  stmcture 
(masslTe,  slaty,  foliated,  fibrous),  or,  as  supposed,  in  chemical  composition. 

MAflsrvB.  (1)  Ordinary  mnmD€.  {a)  Pjr^ioiis  or  Noble  iSrrfien  fine  {'Edler  Serpentina  Oerm.) 
is  of  a  xioh  oil-green  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieces; 
and  (b)  Common  Serpentine^  when  of  dark  shades  of  color,  and  subtranslucent.  The  former 
has  a  hardneJM  of  2*5-3;  the  latter  often  of  4  or  beyond,  owing  to  impurities.  BoweniU 
(Smithfield,  E.  IX  is  a  jade-like  variety  with  the  hardness  i^*/). 

Foliated.  Mnrm<Mte  is  thin  foliated;  the  lamine  brittle  but  easily  separable,  yet  gradu- 
ating into  a  variety  in  which  they  are  not  separable.  G.=2'41 ;  lustre  pearly  ;  colors  green- 
ifih-white,  bluish-white,  or  pale  asparagus-green.     From  Hoboken,  N.  J. 

FrBKOUa.  CfirysotUe  is  delicately  fibrous,  the  fibres  usually  flexible  and  easily  separatinjr ; 
ln<3tre  silky,  or  silky  metallic ;  color  greenish-white,  green,  olive-green,  yellow,  and  brownish  ; 
G.  =2*219.  Often  constitutes  seams  in  serpentine.  It  includes  most  of  the  silky  ami^m^^uj 
of  serpentine  rocks.    The  original  chrysotile  was  from  Reichenstein. 

Any  serpentine  rock  cut  into  slabs  and  polished  is  caUed  serpentine  marble. 

Comp — Q.  ratio  for  Mg  :  Si  :  H=3  :  4  :  2,  corresponding  to  Mg8Si207  +  2aq— Silica  43*48, 
magnesia  4J]'48.  water  lJi*04.  But  as  chrysolite  is  especially  liable  to  the  change  to  serpen- 
tine, and  chrysolite  is  a  unudlicate^  and  the  change  consists  in  a  loss  of  some  Mg,  and  the 
addition  of  water,  it  is  probable  that  part  of  the  water  takes  the  place  of  the  lost  Mg,  so  that 
the  mineral  is  essentially  a  hydrated  chrysolite  of  the  formula  HaMgsSiaO^-f  aq.  The  rela- 
tion in  ratio  to  kaolinlte  and  pinite  corresponds  with  this  view  of  the  formula. 

Pyr.^  etc. — In  the  closed  tube  yields  water.  B  B.  fusee  ou  the  edges  with  difficulty.  F.  =: 
6.  Gives  usually  an  iron  reaction.  Decomposed  by  hydrochloric  and  sulphuric  acids.  Chry- 
sotile leaves  the  silica  iu  fine  fibres. 

D1£L — Distinguishing  characters :  rompact  structure  ;  8oftnea<t,  being  easily  cut  with  a 
knife ;  low  specific  gravity  ;  and  resinous  lustre. 

Obs. — Serpentine  often  constitutes  mountain  masses.  It  frequently  occurs  mixed  with 
more  or  less  of  dolomite,  magnesite,  or  calcite,  making  a  rock  of  clouded  green,  sometimes 
veined  with  white  or  pale  green,  called  terd  antique,  or  (tphiolite.  It  results  from  the  altera* 
tion  of  other  rooks,  frequently  chrysolite  rooks.  Crystiais  of  serpentine  (pseudomorphous) 
oooor  in  tlie  Fmsp  vaUey,  Tyrol ;   near  Miask ;  Katharineaboiig,  and  elsen'hero ;  in  Norway, 
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it  bnaram  eta  Precioiu  serpentines  come  from  Sweden ;  the  Isle  of  Man  ;#  Corsica ; 
Siberia  ;  Saxony,  etc.  In  N.  America,  in  Vei'nwiit^  at  New  Fane ;  Roxbury,  etc.  In  Mass., 
at  Newburyport  twid  elsewhere.  In  Conn,,  near  New  Haven  and  Milford,  at  the  Terd-antiqae 
qoarrieR.  In  N.  Tork^  at  Brcwst-er,  Putnam  Co.  ;  at  Antwerp,  Jefferson  Co.  ;  in  Gouver* 
neur,  St.  Lawrence  Co.  ;  in  Orange  Co.  ;  Richmond  Co.  In  N.  Jersey^  at  Hoboken.  In 
Penn..  at  Texas,  Lancaster  Co.;  also  in  Chester  Co.;  in  Delaware  Co.  In  Marylaxd^  at 
Bare  Hills ;  at  Cooptown,  Harford  Co. 

The  following  are  varieties  of  serpentine  :  retinnlUe^  Grenville,  C.  W. ;  v&rhatisetite,  1  yrcl 
fforeeUophUe ;  bowenite,   Smithfield,  R.  L  ;   antiyorite^  Piedmont ;    widinnmte,  Texas,  Pa. ; 
marmoiite^  Hoboken ;  picrolite  ;  tnetnxite  ;  refdanMU  (containing  Ni) ;  agiuierejifite. 

Bastitb  or  Scnn.LBR  Spar. — An  impure  serpentine,  a  result  of  the  alteration  of  a  ftiliated 
pyroxene.     Baste ;  Todtmoos  in  the  SchwarzwaJd.     ANTiiiLiTB  is  similar. 

Drwetlite  [GymnUe). — H«Mg4SisO!3  +  4»q.  Occurs  with  serpentine  at  Middlefield  and 
Texas,  Penn,     Hydrophite  {Jenkiiisite)^  near  deweylite,  but  Mg  replaced  in  part  by  Fe. 

Cerolitb. — HaMgaSijOT+aq.  Silesia.  Libiracuitb  from  Limbach,  and  Zoblitziti 
from  Zoblits,  are  varieties  of  cerolite. 

• 
OBNTUITI].    Nickel-Oymnite. 

Amorphous,  with  a  delicately  hemispherical  or  stnlactitic  surface,  in 
erasting. 

H.=3-4;  sometimes  (as  at  Michipicoten)  so  soft  as  to  be  polished 
under  the  nail,  and  fall  to  pieces  in  water.  G.=2"409.  Ltfttre  resinous. 
Color  pale  apple-green,  or  yellowish.  Streak  greenish-wl^jjfe.  Opaque  to 
translucent. 

Oomp. — Q.  ratio  for  R  :  Si  :  H=2  :  3  :  3,  or  the  same  as  for  deweylite ;  formula  H4(Ni, 
Mg)4Si,0ia,  being  a  nickelgymnite.  Analysis:  Genth,  Texas,  Pa.,  SiO,  35*36,  NiO  30*64^ 
FeO  0  24,  MgO  1460,  CaO  0  26,  H,0  1909=100-19. 

P3rri  etc. — In  the  closed  vnbe  blackens  and  gives  off  water.  B.B.  infusible.  With  boras 
in  O.F.  gives  a  violet  bead,  becoming  gpray  in  R.F.  (Nickel).  Decomposed  by  hydrochloric 
acid  without  gelatinizing. 

Obs. — From  Texas,  Lancaster  Co. ,  Pa. ,  in  thin  crusts  on  chromic  iron  ;  from  Webster, 
Jackson  Co.,  N.  C;  on  Michipicoten  Id.,  Lake  Superior. 

Alipite  and  PniBLrrE,  an  apple-green  silicates  containing  some  nickel  GARNiBRmi 
and  NouMErrE,  from  New  Caledonia  are  similar,  and  have  b^n  shown  by  Liversidge  to  bt 
mixtures. 


Kdoiinite  Group* 

XAOZjINZTB. 


Orthorhombic.  /A  /=  120°.  In  rhombic,  rhomboidal,  or  hexagonal 
scales  or  plates  ;  sometimes  in  fan-shaped  aggregations  ;  usually  constitut- 
ing a  clay-like  mass,  either  compact,  friable,  or  mealy ;  base  of  crystals 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage:  basal, 
perfect.     Twins :  the  hexagonal  plates  made  up  of  six  sectora. 

II.  =  1-2-5.  G.=2'4-*2-t)3.  Lustre  of  plates  pearly  ;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish- white,  yellowish,  somctinied  brownish, 
bluish,  or  reddish.  Scales  transparent  to  ti*auslucent.  Scales  flexible^ 
inelastic ;  usually  unctuous  and  plastic 

Var — 1.  ArgUUform.    Scft,  chij-like  ;  ordinary  kaolinite ;  under  the  microscope,  if  not 
anthout,  showirig  that  it  is  made  up  largeljr  of  peaHf  woiAm,     The  ooiwtitoent  of  mostb  if  BOi 
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all,  pure  kaolin.  2.  Pariniform,  Mealj,  hardly  coherent,  oonaistiiig  of  pearly  ang'jlai 
■cales.  3.  Indvrated;  LiViomargt  {Steinmark,  Qerm.).  Firm  and  compact;  H.  =2-2*5 
When  pulverized,  often  shows  a  scaly  texture. 

Oomp. — Q.  ratio  for  it :  Si  :  H=3  :  4  :  2 ;  formula  3\:lSi907+2aq,  or  making  part  of  tha 
water  haaio,  H9T^lSiaO,4-aq=Smca  40-4,  alumina  39*7,  water  13*9=100. 

Pjrr.,  etc. — Yields  water.  B.  B.  infusible.  Gives  a  blue  color  with  cobalt  solution.  IubqI- 
r  ble  in  acids. 

T}ifL — Characterized  by  its  unctuous,  soapy  feel ;  alumina  reaction  B.B. 

Obs. — Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
the  feldspars  of  granitic  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaoUn, 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some  of 
the  o^er  minerals  present. 

Occurs  at  Cache- Aprcs  in  Belgium ;  also  in  Bohemia ;  in  Saxony.  At  Yrieix,  near  Limoges, 
is  the  beet  locality  of  kaolin  in  Europe,  it  affords  material  for  the  famous  Sevres  porcelain 
manufaotoiy. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Del. '  at  various  localities  in 
the  limonite  region  of  Vermont  (at  Rranford,  etc.) ;  Massachusetts  ;  Pennsylvania ;  Jackson- 
▼ille,  Ala.;  Edgefield,  S.  C;  near  Augusta,  Ga. 

Pholerite,  Ualloysite,  clays  allied  to  kaolinite. 

Safonite.  —A  soft  magnesian  silicate ;  occurs  in  cavities  in  trap. 


Pinite  Orov/p. 

PIHTTB. 

Amorphous ;  granular  to  cryptocrystalline ;  usually  the  latter.  Also  in 
crystals,  and  sometimes  with  cleavage,  but  only  because  pseudomorphs,  the 
fonn  and  cleavage  being  those  of  tlie  minerals  fi*om  which  derived.  Rai'ely 
a  Bubmicaceous  cleavage,  which  may  belong  to  the  species. 

H.=2'6-3*5.  G.=2-6-2'86.  Lustre  feeble,  waxy.  Color  grayish- white, 
grajdsh-green,  pea-green,  dull  green,  brownish,  reddish.  Translucent — 
opaque.     Acts  like  a  gum  on  polarized  light ;  DesCl. 

Oomp.,  Var. — Pinite  is  essentially  a  hydrous  alkaline  silicate.  Being  a  result  of  alteraticn, 
and  amorphous,  the  mineral  varies  much  in  composition,  and  numerous  species  have  heen 
made  of  the  mineral  in  its  various  conditions.  The  varieties  of  pinite  here  admitted  agree 
olosely  in  physical  characters,  and  in  the  amount  of  potash  and  water  present.  Average  com- 
podtion  :  Silica  46,  alumina  30.  potash  10,  water  6  ;  formula  (Ramm.)  HoKaAloSibOao.  The 
mineral  is  related  chemically,  as  it  is  also  physically,  to  serpentine ;  and  it  is  an  alkali* alumina 
serpentine,  as  pyrophyllite  is  an  alumina  talc. 

The  different  kinds  ore  either  pseudomorphous  crystals  after  (1)  iolite ;  (2)  nephelite ;  (3) 
scapolite;  (4)  some  kind  of  feldspar ;  (5)  spodamene ;  or  (6)  other  aluminous  mineral;  or  (T) 
disseminated  masses  resembling  indurated  talc,  steatite,  lithomarge,  or  kaolinite,  also  a  resoll 
of  alteration  ;  or  (8)  the  prominent  or  sole  constituent  of  a  raetaniorphic  rock,  which  is  some- 
times a  pinite  schist  (analogous  to,  and  often  much  resembling,  tftkose  schist^  and  stiU  more 
olosely  related  to  2)!/ro})hi/Uite  sc/Ust).     Some  prominent  varieties  are : 

Finite.  Speckstcin  [fr.  the  Pini  mine  at  Aue,  near  Sohneeberg].  Occurs  in  granite,  and 
is  supposed  to  be  pseudomorphous  after  iolite. 

GiESBCKiTR.  In  6-sided  prisms,  probably  pseudomorphous  after  nephelite.  11=3  5. 
G.=2"78-2"85.  Color  grayish-green,  olive-green,  to  brownish.  Brought  by  Ci ieseok4  from 
Ghreenland.     Also  of  similar  characters  from  Diana,  N.  Y. 

Agalmatolite.  Like  ordinary  massive  pinite  in  its  amorphous  compact  texture,  lustre, 
and  other  physical  characters,  but  contains  more  silica,  so  as  to  afford  the  formula  of  a  bisili* 
QKte,  or  nearly,  and  it  may  be  a  distinct  species.  Agahwtto'ite  was  named  from  ayoKfia^  an 
image^  tatdpayodite  from  pagoda^  the  Chjiiese  oarving  the  soft  stone  into  niniature  pagodM 
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etc.     Part  of  the  so-called  agalmatolite  of  China  ia  true  pinite  in  oompoCkiUon,  ai^oUiei 
ptert^ia  compact  pyrophyllite  (p.  840),  and  still  another  steatite  (p.  348). 

Other  minerals  belong^g  in  or  near  the  pinite  gronp  are  :  dyssyntribUe  (=gie8eokite) ; 
paraphiU;  wiUonUe;  pclyargite ;  rosite;  kiUUniU;  giganio^ite ;  hygropfdlile ;  gUmbeUU  ' 
restormdUs.    AIro  cataipiUU  ;  hUiarite  ;  paVagoniU, 


UydrO'iYtica  (xroup. 

FAHLUNlTJbl. 

In  six-  or  twelve-sided  prisms,  but  derived  £1*0111  peeudoraorphism  attor 
iolite.     Cleavage :  basal  sometimes  perfect. 

n.=3'5-5.  G.=2'6-2'8.  Lustie  of  surface  of  basal  cleavage  pearly  to 
waxy,  glimmering.  Color  grayish-green,  to  greenish-brown,  olive-  or  oil- 
green  ;  sometimes  blackish-green  to  black  ;  streak  colorless. 

Var. — This  species  ia  a  result  of  alteration,  and  considerable  Tariation  in  the  resolta  of 
analyses  should  be  expected.  The  crrstaUine  form  is  that  of  the  original  ioUte,  while  the 
basal  cleavage  when  distinct  is  that  of  the  new  species  fohlnnite. 

Gomp. — Q  ratio  for  B  :  ii  :  Si  :  H=l  :  3  :  5  :  1 ;  whence  the  formula  H^RiR^iSiftOio,  the 
water  being  considered  as  basic,  and  as  entering  to  moke  up  the  deficiency  of  bases  in  the 
unisilicate.  In  some  kinds,  the  same  with  the  addition  of  H3O.  The  Q.  ratio  of  iolite,  the 
original  of  the  species,  is  1  :  3  :  5.  Analysis  by  Wachtoneister,  from  Fohlun,  SiOa  44*60, 
AlO,  30  10,  FeO  3-80,  MnO  2  24,  MgO  «  75,  CaO  1-35,  K,0  1  "98,  H^O  9  35,  F  tr=100-23. 

Pyr.,  etc. — Yields  water.  B.6.  fuses  to  a  white  blebby  gloss.  Not  acted  upon  by  adda. 
Pyrargillite  in  difficultly  fusible,  but  is  completely  decomposed  by  hydrochloric  acid. 

Obs. — FalUuniU  (and  tridanite)  from  Fahlun,  Sweden.  The  following  are  identical,  or 
nearly  so  :  EsmarkiU  and  prcueolite,  Brevig;  raumiU,  Eaumo,  Finland;  c/doj-ophyUUe^  Unity, 
Me. ;  pyrargiUite,  Helsingfors ;  pdlycfiroiliU^  Krageroe,  and  aapasidUUy  Norway ;  hunnUU^ 
Lako  Huron  (  WeimU^  FiSilnn). 


BCARGARODITE. 

Like  inuscovite  or  common  mica  in  crystallization,  and  in  optical  and 
other  physical  characters,  except  usually  a  more  pearly  lustre,  and  the  color 
more  commonly  whitish  or  silvery. 

Comp. — Q.  ratio  for  E  :  ii  :  Si  :  H  mostly  1  :  G  :  9  :  2 ;  whence  the  formula  HtEs^USitOi*, 
llie  wat€r  being  basic.  Sometimes  Q.  ratio  1  :  9  :  12  :  2;  but  this  division  belooga  with 
damourite.  if  the  two  are  distinguishable.  This  species  appears  xo  be  often,  if  not  always,  a 
result  of  the  hydratioD  of  muscovitc,  there  being  aU  shades  of  gradation  between  it  and  that 
species.  Muscovite  hog  the  Q.  ratio  for  bases  and  silicon  of  4  :  5,  or  nearly.  Analysis,  Smith 
and  Bnish,  Litohfnild,  Ct.  SiO,  44  CO,  AUO,  36"23,PeaO,l-34.MgO  037,  CaO  0*50,  NaaO4-l0, 
K,0  6 20,  \iX)  5-26.  F  tr.-l 00-60. 

For  pyrognofltios  and  localities,  see  muscovite,  p.  313. 

GiT.BKBTiTE. — Essentially  identical  with  mari^arodite ;  tin  mines.  Saxony. 


DAMOURmS. 

An  aggregate  of  fine  scales,  mica-like  in  structure. 
H.=2-3.     G.  =  2-792.     Lustre  pearly.     Color  yellow  or  yellowish- white 
Optic-axial  divergence  10  to  12  degrees  ;  for  sterlingite  70°. 

Comp. — A  hydrous  potash-mica,  like  maisorodite,  to  which  it  ia  closely  related.    Q.  ratio 

23 
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for  R  *  ]l :  81 :  H=l  :  9  :  12  :  2,  or  1  :  1  for  basea  to  silicon,  if  the  water  is  basic.  Formala 
H4K,Al,8i.0,4.  Afialysifl,  Monroe,  from  Sterling,  Mass,  (sterlingiU),  SiOa  4387,  AlO,  86*45, 
FeO.  8-36,  K,0  10  86,  H,0  519=99-73. 

It  la  the  gangac  of  cy unite  at  Pontivy  in  Brittany;  and  the  same  at  Horrsjoberg,  Wemia 
land.    Aasooiated  with  corondum  in  North  Carolina;  with  spodumene,  at  Sterling,  Maea, 


PARAGONITE.    Pregrattite.     Cossaite. 

Massive,  sometimes  consisting  distinctly  of  fine  scales ;  the  rock  slaty  oi 
schistose.     Cleavage  of  scales  in  one  direction  eminent,  mica-like. 

H.=2'5-3.  G.=2-779,  paragonite ;  2  895,  pregrattite,  CEUacher.  Lustre 
strong  pearly.  Color  yellowish,  grayish,  grayish-wnite,  greenish,  light  apple- 
green.    Translucent ;  single  scales  transparent. 

I 

Oomp. — A  hydrons  nodium  mica.  Q.  ratio  for  B  :  B  :  Si  :  H=l  :  9  :  12  :  2,  or  1  :  1  for 
baaes  and  silicon,  if  the  water  be  made  basic.  Forranla  H4Na37\lsSi«Oa4(K  :  Na=l  :  6)= 
SiUca  46-60»  alumina  89*96,  soda  6  90,  potash  1 74,  water  4*80=100. 

"Pyr, — B.B.  the  paragonite  is  stated  to  be  infusible.  The  pregrattite  exfoliates  somewhat 
like  Termiculite  (a  property  of  some  clinochlore  and  other  species),  and  becomes  milk-white 
on  the  edffes. 

Obs. — Paragonite  constitutes  the  mass  of  the  rock  at  Monte  Campione,  in  the  region  of 
St.  Gothard,  containing  cyanite  and  staurolite,  called  paragonitio  or  talcose  schist.  The 
pregrattite  is  from  Pregratten  in  the  Pusterthal,  Tyrol ;  cossaite,  from  mines  of  Borgofranoo, 
near  Ivrea. 

lYlQTrrE. — Occurs  in  yellow  scales,  also  granular,  with  cryolite  from  Greenland. 

EuFiiTLiirrE. — Associated  with  tourmaline  and  corundum  at  Unionyille,  Penn.  Q.  ratio 
for  B  :  B  :  Si  :  H=l  :  8  :  9  :  2.  Average  composition,  Silica  41*6,  alumina  42*3,  lime  1*5, 
potash  3*2,  soda  5*9,  water  5*6=100. 

EpuEsriE,  Leslbyitb. — Hydro- micas,  perhaps  identical  with  damourite.  Occur  with 
oomndum,  and  impure  from  admixture  with  it. 

CELLACnERrrE. — A  hydro-mica,  containing  5  p.  c.  baryta.     Pfitschthal,  TyroL 

Cookeite. — A  hydrous  lithium  mica.  From  Hebron  and  Paris,  Me.,  apparently  a  pro- 
duct of  the  alteration  of  rubellite. 


HZSINGERITE. 


Amorphous,  compact,  without  cleavage. 

H.=3.  G.=3045.  Lustre  greasy,  inclining  to  vitreous.  Color  black 
to  brownish-black.     Streak  yellowish-brown.     Fracture  conchoidal. 

Oomp — Q.  ratio  for  B+R  :  Si  :  11=2  :  3  :  3  ;  formula  B«B9Si,0,8  4-4aq  (with  one-third 
of  the  water  basic).  B=Fe,Ha ;  H=Fe.  Analysis,  Cleve,  from  Solberg,  Nonvay,  SiOs  35*38, 
PeO,  32-14,  FeO  7*08,  MgO  360,  HaO  2204=100-19. 

Pyr.,  etc. — Yields  much  water.  B  B.  fuses  with  difficulty  to  a  black  magnetic  slag.  With 
the  fluxes  gives  reactions  for  iron.  In  hydrochloric  acid  easily  decomposed  without  gelatin- 
izing. 

Obs.— Found  at  Longban,  Tunaberg,  Sweden  ;  Biddarhyttan  ;  at  Degen")  {degeTdite)^  neat 
Uelmngfors,  Finland. 

£kmannite. — Foliated,  ali>o  radiated.  Color  green,  resembles  chlorite.  Analysis,  Igel> 
■tjrom,  SiOj  3430,  FeO,  497,  FeO  3578,  MuO  11 -45,  MgO  2*99,  H.O  10  51 -^100.  With 
magnetite  at  Grythyttan.  Sweden. 

Neotocitu. — Uncertain  alteration-products  of  rhodonite;  amorphous.  L^ontaina  80-80 
D.  o.  MnO.     PaisboTg,  near  Filipetadt,  Sweden ;  Finland,  etc. 

GiLLnreiTE  ;  Sweden.    Jollyte  ;  Bodenmais,  Bavaria. 
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Vemiiculite  Group,* 

The  vERMicuLiTEs  have  a  micaceous  structure.  They  are  all  unisilicateej 
havhig  the  general  quautivalent  ratio  R+R :  Si  :  H=2  :  2  :  1,  the  water 
being  solely  water  of  crystallization.  The  varieties  differ  in  the  ratio 
of  the  bases  present  in  the  protoxide  and  sesquioxide  states.* 


Orthorhombic  (?).  In  broad  crystals  or  crystalline  plates.  Cleavage :  basal 
eminent,  affording  easily  very  thin  folia,  like  mica.  Surface  of  plates  often 
triangularly  marked,  by  the  crossing  of  lines  at  angles  of  60®  and  120^ 

Il.  =  l*5.  G.=2'30.  Lustre  pearly  on  cleavage  surface.  Color  dark 
vellowish-brown  and  brownish-yellow ;  light  yellow  by  transmitted  light 
^fransparent  only  in  very  thin  folia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DesCl. 

Comp Q.  ratio  f or  B  :  R  :  Si  :  H=2  :  3  :  5  :  2^,  and  R 4-R  :  Si :  H=2  :  2  :  1  j  whenoo 

R4R2Si50io+5aq.  Analygis:  Brush,  Westchester.  SiO«  87  10,  AlO,  17-57,  FeO,  10-54,  FeO 
1-26,  MgO  19-65,  CaO  0  56,  Na^:0  tr,  KuO  0-43,  HaO  13-76=100  87. 

Fyr.,  etc.— When  heated  to  SOO""  C.  exfoliates  very  i-emarkablj  (like  vermicnlite) ;  B.B.  in 
forceps  after  exfoliation  becomes  pearly-white  and  opaque,  and  ultimately  fuses  to  a  dars 
gpray  mass.     With  the  fluxes  reactions  for  silica  and  iron.     Decomposed  by  hydrochloric  acid. 

Obs. — Occurs  in  veins  in  serpentine  at  Westchester,  Pa.     Plates  often  several  inches  acroM. 

Pyrosclerite.  -Q.  ratio  f or  R  :  ft  :  Si  :  H=4  :  2  :  6  :  3.  and  for  R-f-ft  :  Si  :  H=2  :  2  :  1. 
Silica  38*0,  alumina  14*8,  magrnesia  346,  water  11*7=100.  Color  green.  Elba.  CaoNiCBiTB, 
alBO  Elba,  has  the  ratio  3:2:5:2. 

Verm ICULITE.— Q.  ratio  for  R  :  R  :  Si  :  H=4  :  2  :  6  :  3.  Milbuiy,  Mass.  Culsagebitb. 
Q.  ratio  R  :  ft  :  Si  :  H=2  :  1  :  1  :  1.  Jenk's  mine.  N.  C.  Hallite,  same  ratio=2  :  1  :  8  :  2. 
East  Nottingham.  Chester  Co.,  Ponn.  PELnAMiTK,  same  ratio=6  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  from  Lenni,  Delaware  Co.,  Pa.,  above  ratio=6  :  4  :  10  :  5.  In  all  of 
the  above  R=Mg  mostly,  and  ft=^  and  Fe. 

Kerbite. — Q.  ratio=6  :  8  :  10  :  10 ;  and  Maconite,  Q.  ratio=3  :  6  :  8  :  5,  are  both  from 
Culsagee  mine,  Macon  Co.,  N.  C.     Vaalitb,  Q.  ratio=6  :  3  :  10  :  4.     South  Africa. 

DiABANTiTE,  Haxjoes  (diabantachronnyn,  Ldebe), — FiUs  cavities  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  for  R  :  ft  :  Si  :  H=4  :  2  :  6  :  3,  but  iron  a  more  prominent  ingre- 
dient than  in  pyrosclerite  (see  above).  Analysis  :  Hawes,  Farmington,  Ct.,  ^^  SiOa  33  68,  AlOs 
to  84,  FeO,  2*86,  FeO  24*33,  MnO  0  38,  CaO  0*73,  MgO  16-62,  Na,0  0*aS,  H,0  1002=09*69. 


SUBSILICATSS. 

ChJ'Orite  Orowp. 

PBNMINITJJ.    Kommererite. 

Khombohedral.  R  hR^Qh""  36',  O  nR=  103°  55 ;  c  =  3-4951. 
Cleavage;  basal,  highly  perfect.  Crystals  often  tabular,  and  in  crested 
gnmps.  Also  massive,  consisting  of  an  aggregation  of  scales ;  also  aMn- 
pact  cryptocrystalline. 

*  These  relations  were  broozht  out  by  Cooke.     Proo.  Amer.  Aoad.,  Boetcn,  187 1»  86 ; 
ibid.,  1875.  453. 


DKBCBIFTITE  MIMESALOaT. 

-2'5 ;  3,  at  times,  on  edges.  G.=2'6-285.  Lnstre  of  cluHTbge 
eiii'fftce  pearly  ;  of  lateral  plates 
vitieous,  and  sometimes brillianl. 
Color  jpTcii,  apple-green,  gi'aBs- 
green ,  g  ray  isli-g  rcen ,  olive-gi-een ; 
also  leddish,  violet,  rose-red, 
pink,  grayish-i-ed ;  occasionally 
yellowish  and  silver- white;  violet 
crystals,  and  sonietiines  the 
green,  hyacinth-red  by  trans- 
mitted light  along  the  vertical 
axis.  Transparent  to  enbtranslnccnt.  LaminiB  flexible,  not  elastic.  Duuhle 
refraction  feeble  ;  axis  either  negative  or  positive,  and  sometimeH  jiositive 
and  negative  in  different  lanitnse  of  the  same  plate  or  crystal. 

Oomp — Q.  ratio  for  bBsea  and  silicon  4  :  3,  bat  VBiying  from  4  :  3  to  S  ;  4.  Ei»ct  dedao- 
tiona  bum  the  [UitUjaiw  cannot  be  made  until  the  atate  ot  oxidatiaD  ot  tbe  iron  in  all  cases  ia 
aaoettained.  Analyais:  Sohweiwr,  from  Zermatt,  SiO,  83-07.  AlO,  9-GS,  FeO  11 '30,  UgO 
SiSi,  H,0  12-58=09-O8, 

PjT.,  etc. —  In  the  closed  tube  yields  water.  B.B.  exfoliatea  aomewbat  and  i^  difflcnltl} 
fnaible.  With  tba  llaieg  all  TorietieH  f(ive  reacUans  for  iron,  and  many  larietiea  react  foe 
obrominm.     Partially  deoom)>oaed  by  acids. 

Oba. — Oocnrs  with  serpentine  in  tbe  region  of  Zermatt,  Volais,  near  Mt.  Itosa;  at  Ala, 
Piedmont;  at  Sohwurzenatein  in  the  Tyrol;  at  Taberg  in  Wermland ;  at  Snorum,  fdm- 
mereriU  in  found  near  Miaak  in  the  Urals ;  at  Haroldswick  in  llnet,  Shetland  Iides.  Abun- 
dant at  Texas.  Lancaster  Co.,  Fa.,  along  with  clinooblore,  some  crystals  being  imbedded  in 
olinoohlore,  or  tbe  reverae. 

The  following  tunnea  belong  here:  labergitt ;  pKvdeptiite,  coiaptct,  uasiiTe  lallaphite) ; 
hganiU. 

DtUmi4,  miraiilt,  apkronderiu,  eldoniphaiu  are  chloritic  minerals,  occurring  under  umi- 
lar  oonditianB,  in  amygdaloid,  eto 


RIPIDOIimi.    Clinochlors.     Klinoohlor,  Qerm. 

C'=G2''  51'  =  OAi-i,   /Al=l25°  37',   Oa44  =  108» 
14' :    c  :  b  :  d  =  147756  : 
«55  1-73195:1.      Cleavage:    0 

eminent ;  crystals  often  tab- 
ular, also  <jbb>ng;  frequent- 
ly rhonibobbdial  in  aspect, 
the  plane  angles  of  the 
base  being  60°  and  120°. 
Twins:'  twiiining-]jlftne  ', 
niuking  stclhite  groups,  as  iu 
f.  656,  657,  vei-y  common. 
Crystals  often  gioiiped  in 
I'OBCItcs.  Massive  CI uiisc  scaly 
trraniilar  tu  tine  granular  and 
caiihy. 

11.=2-L'5.  a=2-65-3-rJ'. 
wlmt  [>carly.     Color  deep  irruss-gi'een  to  olivc- 
I  slrcngiy  dicbroic.     Streak  grccnish-whiic  tu 
UDCO-'ored      Transuarcnt  to  translucent.     Flexible  and  souicwbai.  clastlis. 


Llictro  of  dcav!if;e-fi 
green  ;  also  rose-red.     Oft' 
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Oomp.-^.  ratio  for  B  :  fl  ;  Si :  H=6  :  8  :  fl  H  ;  correRponding  to  HgiAlSi^O,  ■  t  4mi=i 
SUica  »2-r>.   alumJDa  18'6,    maKneaia  36-0, 
water  12^  =  100.     Sometimes  part  of  the  Ug 
la  replaced  bj  Fe. 

Pyr.,  etc— TieldB  water.  B.B.  in  the 
platinani  forcepe  wbitcDS  and  fuses  with 
difficulty  on  the  edges  to  a  grajish-black 
kIws.  With  iMmx  a  clear  kIdss  colored  by 
iron,  and  BOmetimes  chrominm.  In  sol- 
phuric  acid  wholly  deoomposed.  Tho  variety 
from  Willimantic.  Ct.,  exfoliates  in  worm- 

Obi. — Occam  in  connection  with  ohloritiQ 
and  tolcose  rocks  or  srhist.  and  wrpeDtiue. 
Foond  at  Achmatovsk  ;  Schwarzenstein  ; 
Zillertbal.  etc.  ;  red  (katrc/lubeite)  in  the  dis- 
trict of  Ufaleisk.  Southern  Ural;  nt  Aiu,  Ficdmooti  at  Zemiatt;  nt  Uaiienbei^.  Sazomy. 
In  the  U.  3. ,  at  Weatcbester  and  Unionville,  and  Texas,  Pa.  ;  Brewster,  N.  T. 

Named  TipidolUe  tram  iutic,  a  fan,  iu  allusion  to  a  common  mode  of  grouping  of  the  orja- 


Teua. 


PROOHIiOBITS. 

Hexagonal  (?).     Cleavage  :  basal,  eminent.     Crvstals  often  implanted  \\y 
their  6inee,  and  in  divergent  gcoii™,  faii-Bliaped,  or 
Bpliei-oidal.     Also  in  large  folia.     Massive  granular. 

H.  =  l-2.  G.=a-78-S!-96.  Tianslncenttoopaqne; 
transparent  only  in  very  thin  folia.  Lnstre  of 
cleavaj^e  surface  feebly  pearly.  Color  green, 
ffrass-gieen,  olive-green,  blaokish-green ;  ac;roes  the 
axis  by  transmitted  light  sometimes  red.  Sti-eak 
uncolored  or  greenish.  Lamina  flexible,  not  elastic. 
Double  refraction  very  weak;  one  optical  negative 
axis  (Daiiphiny);  or  two  vei^  slightly  diverging,  apiwrently  normal  to 
plane  of  cleavage. 

Comp,— Q.  ratio  for  B  :  ft  :  Si  :  H 
oompositiOD  =  Silica  Stt'S,  alumina  16*T.  iron  protoxide  2T'S,  mBgnosia  11 

Pyr.,  fltc — Same  ■■  for  ripidolite. 

Obs.— Like  other  chlorites  in  mode  of  oconrrence.  Somedmea  In  implan(«d  crystals,  as  at 
St.  Ofltliard.  etc.  ;  in  the  Zillerthal,  Tyrol  \  Traversella  in  Piedmoot ;  in  Styiia,  Bohemia. 
Jtso  masHiTe  io  Cornwall,  in  tin  veins  (where  it  is  called  p»nch  ;  at  Arendal  in  Norway. 

Cbonstrdtite.— Q.  ratio  B  :  H  :  Si  :  H=3  :  3  :  4  :  8.     Pnibram;  Cornwall. 

Stbiootite. — Q.  ratio=3  :  2  :  4  ;  2.  In  granite  of  Stri^^,  Silesia.  ORocnAnrrs  auu 
locality. 


BIAROARITB.    Periglimmer,  Gtrm. 

Orthorbonibic  (?) ;   hcmihedral,  with  a  monoclinic  aspect,     /a  /=  119"- 
120°,   Lateral  planes  horizontally  striated.  Cleavage: 
basal,  eminent.     T-,rinB:  common,  com poeit ion-face  qbo 

/,  and  forming,  by  the  crossing  of  3  crystals,  gntn|n 
of  6  Bectore.  Usnally  in  intersecting  or  abrogated 
laminiu  ;  sometimes  massive,  with  a  ec-nly  structure. 

Il.=3-5-4-5.  G.=2-99,  Hermann.  Lnstre  of 
l«Be  pearly,  laterally  vitreous.  C<»lor  grayish,  red- 
dish-white, yellowish.    Tnnslacent,  sabtrsnehu-ent    Laminse  rather  britda 
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Optic-axial  angle  very  obtuse ;  plane  of  axes  pai'allel  to  the  longer  diagonal ; 
dispersion  feeble. 

Comp. — Q.  ratio  for  R:ii:Si:H=l  :6:4:1;  wheDCo,  if  the  water  be  basic,  for  baseM 
and  8ilicon=2  :  1.  formula RftSiO« ;  that  is,  H  .CarVliSijOia.  Analysis,  Smith,  Chester,  Mass., 
SiOa  82-21,  iVlO,  48-87,  FeO,  2-50,  MgO  0  32,  CaO  1002,  'Sa,0[K.,0)  lOl,  H,0  4*61,  Li,0 
0-82,  MnO  0-20 =100 -DO. 

Pyr.,  etc.— Yields  water  in  the  closed  tube.     B.B.  whitens  and  fuses  on  the  edges. 

Obs. — Margarite  occurs  in  chlorite  from  the  Greiner  Mts. ;  near  Sterzing  in  the  Tyrol ;  at 
different  localities  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago ;  with  coruntlum  in 
Delaware  Co.,  Pa.;  at  Unionville,  Chester  Co.,  Pa.  {corundeUite) \  in  Madison  Co.  {clings 
manUe)j  and  elsewhere  in  North  Carolina  ;  at  the  emery  mines  of  Chester,  Mass. 


OHLORITOID. 

Monoclinic,  or  trielinic.  /A  /'  about  100°  ;  O  (or  cleavage  surface)  on 
lateral  planes  93°-95^,  DesCl.  Cleavage:  basal  perfect:  parallel  to  a 
lateral  plane  impei^feet.  Usually  coarsely  foliated  massive ;  folia  oftci 
curved  or  bent,  and  brittle;  also  in  thin  scales  or  small  plates  disseminatec 
through  the  containing  rock. 

H.=5*5-6.  G.  =  3*5-3-0.  Color  dark  gi*ay,  greenish-gray,  greenish- 
black,  grayish-black,  often  grass-green  in  very  thin  plates  ;  strongly  dichroic. 
Sti'eak  uncolored,  or  grayish,  or  very  sliglitly  greenish.  Lustre  of  surface 
of  cleavage  somewhat  pearly.     Brittle. 

Var. — 1.  The  original  cfdoritoid  (or  chloritspath)  from  Kossoibrod,  near  Katharinenbnxg  in 
•he  UraL  2.  The  Sitrniondine^  from  St  Marcel.  3.  Jdasonite,  from  Natic,  R.  L,  in  very 
broad  plates  of  a  dark  gTa3rifih-g^een  color.  The  Canada  mineral  is  in  smaU  plates,  one -fourth 
In.  wide  and  half  this  thick,  disseminated  through  a  schist  (like  phyllitc),  and  also  in  nodules 
of  radiated  structure,  half  an  inch  through.  That  of  Gumuch-Dagh  resembles  sinmoDdine,  is 
dark  green  in  thick  folia  and  grass-g^een  in  very  thin. 

Comp. — Q.  ratio  for  R  :  tt  :  Si  :  H=l  :  'S  :  2  :  1,  for  most  analyses.  Analysis  by  v.  Kobell, 
Bregratten,  SiO,  26  19,  A10>  38-30,  FeO,  6  00,  FeO  21  11,  MgO  330,  HaO  6-50=100  40. 

Pyr.,  etc  — In  a  matrass  yields  water.  B.B.  nearly  infusible ;  becomes  darker  and  magne- 
tic. Completely  decomposed  by  sulphuric  acid.  The  masonite  fuses  with  difficulty  to  a  dark 
green  enamel. 

Ob», — The  Kospoibrod  chloritoid  is  associated  with  mica  and  cyanite  ;  the  St.  Marcel  occurs 
in  a  dark  green  chlorite  schist,  with  garnets,  magnetite,  and  pyrite ;  the  Rhode  Inland,  in  an 
argillaceous  schist ;  the  Chester,  Mass. ,  in  talcose  schist,  with  emery,  diaspore.  etc. 

PhyUite  (and  ottrelite)  closely  resembles  chloritoid,  though  the  analyses  hitherto  made  show 
a  wide  discrepancy,  perhaps  from  want  of  purity  in  the  material  analyzed.  Occurs  in  small, 
oblong,  shining  scsjes  or  plates,  in  argillaceous  schist*  Color  blackish  gray,  preonish-gray, 
black.  PhyUite  occurs  in  the  schist  of  Sterling,  Goshen,  Chesterfield,  Plainfield,  etc.,  in 
Massachusetts,  and  Newport,  R.  I.  {newportite).     Ottrelite  is  from  a  similar  rock  near  Ottrez. 

Seybehtitb. — Orthorhombic.  I'  1  —  120  .  In  tabular  crystals,  somctiraefi  h»xap:onal; 
also  foliated  massive  ;  sometimes  lamellar  radiate.  Cleavage  :  Ixasal  perfect.  Structure  thin 
foUated,  or  micaceous  parallel  to  the  base.  H.  =4-  5.  H.  =3-3 '1 .  Lustre  pearly  submetallic. 
Color  reddish-brown,  yellowish,  copper-red.  Folia  brittle.  Analysis,  Brush,  Amity,  SiOa 
80-24,  AJO33913,  FeO,  3'27,  MgO  20  84,  CaO  13(»0.  H,0  1-04,  Na,0,K,0)  1-43,  ZrOjO-TS^ 
100 '39.     Amity,  N.  Y.  {clintontte)]  Fassathal  {branffunfe^;  SlntovLRtixant/iop/n/Uite). 

COKUNDorniLFTE. — A  chlorite  with  the  Q.  ratio=l  :  1  :  1  :  J.  Occurs  with  ccrundum  a! 
Aflheville.  N.  C;  Chester,  Mass. 

Dttdleyitk.— Alteration  product  of  margaMte.     Clay  Co.,  N.  C. ;  Dudleyvillc,  Ala. 

WiLLCOxiTE. — Near  margarite.  Decomposition  product  of  corundum.  Q.  rutio  f or  R  :  R  : 
Bi:H=3:«  :  .5  :  1. 

TnURlNOiTE.— Q.  ratio  2:3:3:  2.  Contains  principally  iron  (Fe  and  Fe).  ITot  Springs 
▲iluDsas;  Harper's  Ferry  {otoeniU).     PuttersoniU  from  Unionville,  Pa.,  near  thuringit«. 
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8.  TANTALATES,   COLUMBATES. 


laometric.  Commonly  in  octahedrons.  Cleavage:  octahedral,  boid^ 
times  distinct,  especially  in  the  smaller  crystals. 

H.=5-5-5.  G.=4-2-4-35.  Lustre  vitreons  or  resinous.  Color  brov/n, 
dark  reddish-  or  blackish-brown.  Streak  light  brown,  yellowish- brovir/i. 
Subtranslucent — opaque.     Fracture  conchoidal. 

Comp. — A  colambate  of  calcium,  cerium,  and  other  bases  in  varying  amounts.  Anal/AS, 
by  Bammelsberg,  Brevig,  Cb,06  58*27,  TiO,  5*38,  ThO,  4-96,  CeO  550,  CaO  10*93,  FeO(UO,) 
5*53,  Na,0  5  31,  F  3  75,  H,0  1*53  =  10116. 

Obs.— Occurs  in  syenite  at  Fried erichsvam  and  Laurvig,  Norway ;  at  Brevig;  near  Miask 
in  the  UraJs ;  KaiHerstuhlgebirge  in  Brei^guu  {knppite) ;  with  samarskite  in  N.  Carolina  (G.= 
4*794,  chemical  character  unknown). 

MiCROLiTE,* — In  minute  yellow  octahedrons  in  feldspar.  G.=5-5.  Near  pyrochlore,  but 
probably  contniniug  more  tantalum  pcntoxide.     Chesterfield,  Mass. 

PYBRiiriE. — In  isometric  octahedrons.  Color  orange-yellow.  Chemical  character  un- 
known. From  Mursinsk  in  the  Ural.  A  mineral  supposed  to  be  similar  from  the  Aiorei 
eontains  essentially,  according  to  Hayes,  columbium,  zirconium,  etc. 

AzoBFTE.  — In  minute  tetragonal  octahedrons  resembling  zircon.  From  the  Azores  in  alUttt. 
Chemical  character  unknown. 


TANTAUTE.* 

Orthorhombic.     Observed   planes  as  in   the  figure.     /A  7=101®  8£', 
0M^=  122^  3i';  <f :  2  :  4  =  15967  :  12247  :  1.     0^ 
H  =  117°  2',  irl  A 1-2  =  143**  6i',  1-2  A  1-2,  adj.,  =  141^ 
48',  ?-iAi-|  ==118°   33'.-     Twins:    twinning-plane    i-i, 
common.     Also  massive. 

iI.  =  6-<>-5.  G.=7-8.  Lustre  nearly  pure  metalh'c, 
'-<»niewliat  adamantine.  Color  iron-black.  Streak  red- 
jish-brown  to  black.     Opaque.     Brittle. 


Comp.,  Var. — A  tantalate  either  (1)  of  iron,  or  (2)  of  iron  and 
manganese,  or  '^)  a  stanno-tantalate  of  these  two  bases.  Formula 
FefJlniTa/)/.  Sn  is  ahio  often  present  ^as  FcSdOs.  according  to  Ram- 
melsberg  .  an<l  .some  of  the  tantalum  is  often  replaced  bj  columbium. 
Analy»i«.  Rimin  ,  Tammela  (G.^7:W4n  Ta,0>  70  .'U,  Cb^Os  7  54, 
SnO,  O-TO.IVO  1.;-(I0,  MnO  1-42 -UO.OO.  Other  varieties  contain  much 
more  Cb.O  .  the  kindn  nhade  into  one  another. 

P3n'.,  etc.  —  B  B.  unaltered.  With  borax  slowly  dissolved,  yielding  an  iron  glass,  which,  as 
a  certain  pf>iijt  of  saturalion,  gives,  when  treated  in  R.F.  and  subsequently  flamed,  a  gray- 
ish-white l>ead ;  if  completely  satnmtrd  h^ovar^  c.f  itself  rlnr-r^v  '^n  cooling.  With  salt  of 
phosphorus  dissolves  slowly,  giving  an  iron  glass,  which  in  R.F.,  if  free  from  tungsten,  is 
pale  yellow  on  co^>ling  ;  treated  with  tin  on  charcoal  it  becomes  green.  If  tungsten  is  present 
the  bead  is  rlark  red,  ac/1  is  unchanged  in  color  when  treate^l  vnt)\  tin  on  charcoaL  With 
■oda  and  nitre  gives  a  greenish -blue  manganese  reaction.  On  charcoal,  with  soda  and  snfl- 
ijent  borax  to  diMolve  tlie  iron,  gives  in  R.F.  metaUio  tin.     Decomposed  on  fosioit  wM 
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polassiam  bisnlphate  in  the  platinnni  upoon,  and  gives  on  treatment  with  dilotc  bydtooUork 
ttcid  a  yellow  solution  and  a  heavy  white  powder,  which,  on  addition  of  metallic  zino,  asenmei 
u  Kjnnlt-blue  color  ;  on  dilution  with  water  the  blue  color  soon  disappears  (v.  Kobell). 

Obs. — Tantalite  is  confined  mostly  to  albite  or  oligoclase  granite^  and  is  usually  associated 
with  beryl.  Occurs  in  Finland,  at  several  places  j  in  Sweden,  in  Fahlun,  at  Broddbo  and 
Finbo ;  in  France,  at  Chanteloube  near  Limoges,  in  pegmatite ;  in  North  Carolina. 

Named  Tantalite  by  Ekeberg.  from  the  mythic  Tantalus,  in  playful  allusion  to  the  difficul- 
ties  (tantalinng)  he  encountered  in  his  attempts  to  make  a  solution  of  the  Finland  mineral  \v. 


OOLUBUUTU.*  Niobile.     Ferroilmenite. 


Orthorhombic.       /A/=10r    26',    O A  1-1  =  134°    53^'; 
10038  :  1-2225  : 1.      Oa  14  =  140°  36',    O Al-5  =  138**   26', 
104°  30',  1-5  A 1-5,  adj.,  =  151°,  iri  A  i-S,  ov.  i4,  =  135°  40',  i-Z  A  i-S,  ov.  i-i 
=  135°  30'.    Twins :  twinning-plane  2-i.    Cleavage :  i-i  and  i-i,  the  fovmei 
inoet  distinct.     Occurs  also  rarely  massive. 

661  ^  COS 


i-i  A  1-S  = 
mer 


u      %^1 


a 


^^^ 


I  ii 


iu\ 


Haddam. 


Middletown,  Conn« 


Greenland. 


H.=6.  G.=5-4-6'5.  Lustre  subnietallic ;  a  little  shinini^.  Color  iron- 
black,  brownish-black,  gmyisli-black ;  often  iridescent.  Streak  dark  red  t/> 
black.     Opaque.     Fracture  subconchoidal,  uneven.     Brittle. 

Comp.,  Var. — FeCb7(Ta2)Oe,  with  some  manganese  replacing  part  of  the  iron.  The  ratio 
of  Cb  :  Ta  generally— 3  :  1  (Bodenmain,  Haddam),  sometimes  4  :  1,  8  :  1,  10  :  1,  etc.;  in  the 
Greenland  colnmbite  the  Tn^Ot  is  almost  entirely  absent. 

Analyses.  Blomstrand,  (t)  Haddam  iG.-G  15),  (2)  Greenland  (G.=5  305). 


(2) 


CbaOft 
51-53 
77-97 


TajOft 
28-55 


WO, 
0-70 
O-i;] 


SnOa 
0  34 
0-73 


ZrO,         FcO        WnO        H.O 
0-34        13-54        497        010=10019 
0  13        17-33        3  51  — =  99-80 


Pj^f-j  ©to. — Like  tantalite.  Von  Kobell  states  that  when  decomposed  by  fusion  with 
caustic  potash,  and  treated  with  hydrochloric  and  siilphoric  acids,  it  gives,  on  the  addition  of 
zinc,  a  blue  color  much  more  lasting  than  with  tantalite ;  and  the  variety  dinnite^  when 
similarly  treated,  gives,  on  boiling  with  tin-foil,  and  dilution  with  its  Tolumc  of  water,  » 
sapphire-blue  fluid.  wh*le.  with  tantalite  and  ordinary  Qolumbite,  the  raetaUic  acid  remains 
undissolved.  The  variety  from  Haddam,  Ct..  is  partially  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it  gives 
a  beautiful  blue.  The  remarkably  pure  and  unaltered  columbite  from  Arksut-fiord  in  Greet* 
land  is  also  partially  decomposed  by  sulphuric  acid,  and  the  product  gives  the  re  ction  test 
with  sine,  as  above. 

Obs. — Occurs  at  Rabenstein,  Bavaria ;  at  Tirschenrenth,  Bavaria ;  at  Tamraela  in  Finland ; 
at  Chanteloube,  near  Limoges  :  near  Miask  in  the  Dmen  Hts. ;  at  Hermanakar,  near  Bjdnkfii» 
hi  Finland  ;  in  Greenland,  at  Evigtok. 
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itt  the  Unitod  States,  at  Haddam,  in  a  granittt  T«in,  and  n«ai  IDddletown,  Conn. ;  at 
Chesterfield,  HaBi, ;  Stondish,  He.  ;  Acworth.N.  H,  ;  kIk  Be*eil7,Haiia.;Ifaith&old,  Hata.) 
Plyinouth,  N.  H.  ;  GreenBeld,  N.  1 . 

The  Connecticut  CTTStals  are  uaiially  rather  fragile  fiom  partial  ohango ;  trhllo  thoae  of 
Greenland  and  of  Maine  are  very  firm  and  fafttd. 

HEnHAHNOLiTB  (3hepard).~Fram  the  col um bite  loonlitjat  Hoddam,  Ct,  and  a  Tsrietf  ol 
oolumbite  dne  tc  alteration.  O.  =5'tt3.  Supposed  bj  Hermann  to  contain  "ilmemam''  pcul 
oiide  (n,Oi). 

Tapiolite.— Tetr.'gonaL  e=-0484  (mtile  e  =  -6442).  FeTa,(Cb,)0,,  with  Ta  :  Cb=4  :  I. 
Tammela,  Finland. 

Hj&iMrta. — A  alumo-tantalato  of  iron,  aToninm  and  yttiinm.  Maadta.  Color  bUok 
{Tear  Fahlnn,  Sweden. 


TTTBOTANTAUTB.    Btaek  Tttntantalite. 

Orthorhombic.     /a  /=  123°  10' ;  ^  A  2-t  =  103°  26';i:l:d=  2-093* 
;  1-64S2  : 1.     OryotalB  often   tabular  parallel   to  i-i.  ^q^ 

AIbo  massive ;  amorphous.  ■  _  _ 

H.=5-5'5.  G.=5--ir-59.  Lustre  siibmetallic  to 
vitreous'  and  greasy.  Color  black,  brown.  Streak 
gray  to  colorless.  Opaque  to  siibtranalucent  Frac- 
ture small  conchoidal  to  granular. 

J  lit"     I 

Oomp.— Hottl;  R,(Ta,Cb),Oi,   with  two  eqniTalents  of  water,  ^ 

perhaps  from  alteration  ;  It=Fe  :  Ga  :  Y(B[.Ce)^l  :  3  :  4.  Con- 
taising  alio  WOi  and  SnOi.  Analyds  iRamm.).  Ttterby,  Ta,0( 
«  25,  Cb,0.  13  33.  SnO,  113,  WO,  286,  UO,  1-61,T0  lOM,  BiO 
0-71,  FeO3'80,  Ce0  8  22,  Ca  5-73,  H,0  8-31=»a95. 

Pjr,,  etc — Id  the  closed  tube  yielde  water  and  tnmii  yetlow.  Ttterby. 

On  intense  ignition  becomes  white.     B.B.  iDfoslble.     With  salt  of 

pboBphoroB  diaaolves  with  at  first  a  sepsration  of  a  white  skeleton  of  tautalnro  pentoxidv, 
wbi<ji  with  a  strong  beat  is  also  dissolved  ;  the  blaok  Tariet;  from  Ytterby  ^tcs  a  gloss  falntlj 
tinted  rose-red  from  the  presence  of  tangsten.  With  soda  and  borax  on  oharooal  pTes  traoM 
of  metallic  tin  (Beneliiw).  Not  decomposed  b;  acids.  Decoioposed  on  fosioD  with  pota*- 
sinm  blsutphate.  and  when  the  proddcit  is  boiled  with  bydrjohlorio  acid,  metollia  wine  ^tm* 
pale  blue  color  to  the  solution  which  soon  fades. 

ObB.-~OooiLn  in  Sweden  at  Ytterby ;  at  the  Sonufret  mine,  etc.,  near  Fahlan. 


Orthorhombic.  /A  7=122°  46' 
1-833  :  1.  Crystals  often  flattened 
parallel  to  i-l,  a1»o  less  often  to  i-l. 
Also  in  large  irregular  masses  (N. 
Carolina).  In  flattened  imbedded 
grains  (Urals). 

H.  =  5-5-6.  G.=:5-61+-5-7fl ;  5-45 
-5-69,  North  Caroliua.  Lustre  of 
surface  of  fracture  shining  and  siib- 
metallie.  Color  velvet- black.  Streak 
dark  reddiah-brown.  Opaque.  Frac- 
ture snbcoiichoidal. 

I    (priT.     OQO- 


Harth  Cutdina. 
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ObaO»  TaaOt  WOa  SnOa  ThOaZxOaTJOa  MhO  FeO     CeO*     TO    GaO    11,0 

1.  MitoheU 

Ca,  N.  C,  87-20  18.60 0-08 1246  075  10-90    4*25    14*45  0*55  1-12= 

UOa  100-36 

2.  Miuk,  47-47    1-36  0-05  003  4-35  10-95  0-96  ll'SSf  3-31     1261  078  0^ 

MgO  0]4=99-76 

•  With  LaO,  DiO. 
t  With  0i6  CnO. 

Pvr.,  etc. — In  the  closed  tube  decrepitates,  glows  like  gadolinitef  cracks  open,  and  tnma 
black,  and  is  of  diminished  density.  B.B.  fuses  on  the  edges  to  a  black  glass.  With  borax 
in  O.F.  gives  a  yellowish-green  to  red  bead,  in  E.F.  a  yellow  to  greenish-black,  which  on 
flaming  becomes  opaque  and  yellowish -brown.  With  salt  of  phosphorus  in  both  flames  an 
emerald -green  bead.  With  soda  yields  a  manganese  reaction.  Decomposed  on  fusion  with 
potassium  bisulphate,  yielding  a  yellow  mass  which  on  treatment  with  dilute  hydrochloric 
acid  seiMu-ates  white  tantalic  acid,  and  on  boiling  with  metallic  zinc  gives  a  fine  blue  color. 
Saman^te  in  powder  is  also  sufficiently  decomposed  on  boiling  with  concentrated  sulphuric 
aoid  to  give  the  blue  reduction  test  when  the  acid  fluid  is  treated  with  metallic  zinc  or  tin. 

Ob8.--Oocur8  in  reddish-brown  feldspar,  near  Miask  in  the  Ural ;  the  pieces  having  the 
■ixe  of  hazel- nuts.  In  masses,  sometimes  weighing  20  lbs.,  in  the  decomposed  feldspar  of  the 
mica  mines  of  western  North  Carolina,  especially  in  Mitchell  Go.  At  both  localities  it  is 
often  intimately  asAOciated  with  columbite ;  at  Miask  the  crystals  of  the  latter  species  are 
■ometimes  implanted  in  parallel  position  upon  those  of  the  samarskite. 

NOHLITB. — Near  samarskite,  bat  contains  4*02  p.  c.  water.     Nohl,  Sweden. 

suxxiNim. 

Orthorhombic.  Form  a  rectangular  prism  with  lateral  edges  replaced, 
and  a  pyramid  at  summit.     Cleavage  none.     Commonly  massive. 

H.=6'5.  G.=4'60-4*99.  Lustre  brilliant,  metallic-vitreous,  or  some- 
what greasy.  Color  brownish-l^lack ;  in  thin  splinters  a  reddish-brown 
translucence  lighter  than  the  streak.  Streak-powder  yellowish  to  reddish- 
brown.     Fracture  subconchoidal. 

Oomp. — ^According  to  Rammelsberg  2RTi03-!-IlCb20«-f  aq  ;  here  R=Y,Fe,U  mostly. 
Analysis,  Ramm.,  Arendal,  CbaO.  35-00,  TiO,  2116,  TO 27*48,  ErO3-40,  UO,  4-78,  Ce08-17, 
PeO  1-88,  H,0  2  68=99-63. 

Oba. — Occurs  at  Jolster  in  Norway  ;  near  Tvedestrand  ;  at  Alve,  island  of  Tromoen,  near 
Arendal ;  at  Moretjiir,  near  Naskilen. 

Named  by  Scheerer  from  tC^eyo?,  a  stranger^  in  aUusiou  to  the  rarity  of  its  occurrence. 

iBfSCHTNiTK. — Orthorhombic.  H.=5-6.  G.  =4*9-5  14.  Lustre  submetallic  to  resinous, 
nearly  dulL  Color  nearly  black.  Streak  gray.  Fracture  small  subconchoidal  Analysis, 
Ramm.,  CbaO*  28  81,  TiOa  2264,  SnOa  018,  ThOa  15*75,  Fe0  317,  CeO  18  49,  LaO(DiO) 
500,  TO  1-12,  CaO  2*75,  HaO  1  •07=99-58.  In  feldspar  with  mica  and  zircon.  Miask  in  the 
Urals. 

POLYMIONITE. — Orthorhombiu.  In  slender  crystals.  H  =6-5.  G.=4-77-4-85.  Lustre 
brilliant.  Color  black.  Streak  dark  brown.  Fracture  perfect  conchoidal.  Composition 
doubtful.     Fredericksviim,  Norway.     Perhaps  identical  with  seschynite  (Frankenheim). 

PoLYCRASE.— Orthorhombic  H.'=5-5.  G.=5-09-6-12.  Lustre  bright.  Color  black. 
Streak  grayish -brown.  Fracture  conchoidal.  Analysis,  Ramm.,  Cb.Os  20'35,  Ta,,Oa  4-00, 
TiOa  26*59,  YO  23  32,  FeO  2*72,  CeO  2  61,  UOa  7  70  H,0  4  02=98  84.  In  crystals  in  graniU 
at  Hitteroe,  Norway. 

Menqitb. — Occurs  in  short  prisms.  H.  =5-5*5.  G.  — 5*48.  Color  iron-black.  Contains 
tirconium,  iron,  titanium.     In  granite  veins  in  the  Ilmen  Mts. 

RuTUBBFORDrrB. — Doubtful;  contains  titanium,  cerium,  etc.     Rutherfortl  Co.,  N.  (X 


FBRQUSONITE.*  Yellow  Tttrotantalite.     T^rite.     Bragite. 

Teti;agonal,  hemiliedral.     0  A  l-t  =  124^  20' ;  d  =  1-464.     Cleavage :  1 
iu  distinct  frace»» 
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H.=5-5-6.    G.=6-838,  Allen;  5-800,  Turner.    Lnsti-e  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic. 
Color  brownish-black;  in  thin  scales  pale  liver-brown. 
Streak  pale  brown.     Subtranslucent — opaque.     Frac- 
ture imperfect  conchoidal. 

Comp. — According  to  Rammelsber^,  essentially  R3(Cb,Ta)aOB. 
Analysis,  Bamm.,  Greenland,  Gb:,Os  44*45,  Ta^Os  6*30,  SnO,  0*47, 
WO,  015,  YO  24-87.Er09-81,  Ce07-63  (5  63  LaO,DiO),  UO,  258, 
FeO  0*74,  CaO  0-Cl ,  K^O  1  ^Q-rQO  10.  The  amount  of  water  varies 
from  1  '49-7  p.  c. ,  and  is  regarded  by  Bammelsbeig  as  arising  from 
alteration. 

Obs. — Fergusonite  oocnrs  near  Cape  Farewell  in  Greenland,  dis- 
seminated in  quartz.  Also  found  at  Ytterby,  Sweden  ;  in  Silesia. 
Bragite  i«  from  Helle,  Alve,  and  elsewhere  in  Norway.  Tyrite  is 
associated  with  euxenite  at  Hampemyr  on  the  island  of  Tromoe, 
and  Helle  on  the  mainland ;  at  NsBskul,  about  ten  miles  east  of 
Arendal. 

KocnELrrB. — Near  fergusonite.     In  yellow  square-ootabedroiis  and  crusts  in  graniia. 
Kochelwiesen,  near  Schreiberhau,  Silesia. 

Adelpdolite. — A  columbate  of  iron  and  manganese,  containing  41*8  p.  c.  of  metaOii 
adds,  and  9*7  p.  o.  of  water.    TatngonaL    H.  =8-9-4 <5.    0.=:8'&     Tammela,  Finland. 
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8.  PHOSPHATES,  ARSENATES,   VANADATES,  ETC. 


AiraYDRors  Phosphates,  Arsenates,  etc. 

XENOnMB.    Ttterspath,  Otrm. 

Tetragonal.     (?  A 1  =  138^  45' ;  c  =  0-6201.     1  a  1 ,  pvram.,  =  124^  26' ; 

basal,  =  82^  30'.    Cleavage :  I,  perfect. 
688  H.=4r-5.      G.  =4*45~4"56.      Lustre    resinous. 

Color  yellowish-brown,  reddish-brown,  hair-brown, 
flesh-red,  grayish-white,  pale  yellow ;  streak  pale 
brown,  yeUowish,  or  reddish.  Opaque.  Fractui-e 
uneven  and  splintery. 


Oomp.— YsPsO,=Phosphonifl  pentoxide  (PaOft)  37-87,  yttria 
8218=100. 

Pyr.,  etc. — B.B.  infasible.     When  moistened  with  sulphnrio 

acid  colors  the  flame  bluish-green.     Difficultly  soluble  in  salt 

of  phosphorus.     Insoluble  in  acids. 

OIm. — From  a  granite  vein  at  Hitteroe  ;  at  Ttterby,  Sweden  ;  St  Gothard  ;  Binnenthal. 

In  the  U.  S.,  in  the  gold  washings  of  Clarksville,  Georgia;  in  McDowell  Co.,  N.  C;  in  tha 

diamond  sands  of  Bahia,  Brazil.     The  tpisetiiie  of  Kenugott  has  been  shown  by  Klein  to  be 

ootahedrite  (vide  p.  255). 

Cbtftolite  {PJiosphocerite). — CoaPaOs  (with  some  Di),  like  monr.=ite.    Occurs  in  minnU 
frains  imbedded  in  apatite  at  Arendal ;  Siberia. 


Apatite  Grov/p. 


APATTTZI.* 


Hexagonal ;  often  hemihcdral.     0  A 1  =  ISD'^  41'  38",  Kokscharof ;  i  = 
0-784:608.    6>  A  2-2  =r  124°  14J'.   Cleavage :  O^  imperfect ;  /,  more  so.    Abo 
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»? 


St.  Oothard. 


globular  and  rcnifonn,  with  a  fibrous  di*  imperfectly  columnar  structnre  , 
also  maseive.  eti  icture  granular. 
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n.  =5,  sometimes  4-5  when  massive.  G.=2'92-3*26.  Ltisti-e  viti-cous, 
inclining  to  subresiuons.  Streak  white.  Color  usually  sea-green,  bluisli- 
g^reen  ;  often  violet-blue;  sometimes  white ;  occasionally  yellow,  gray, red, 
flesh-red,  and  bix)wn  ;  none  bright.  Transparent — opaque.  A  blui&h 
opalescence  sometimes  in  the  direction  of  the  vertical  axis,  especially  in 
white  varieties.     Ci^oss  fracture  conchoidal  and  uneven.     Brittle. 

Var. — 1.  OriUiiari/.  CiystaUized,  or  cleavable  and  granular  maasiye.  (a)  The  asparagui 
ttone  (originally  from  Morcia,  Spain)  and  moroxite  (from  Arendal)  are  ordinary  apatite.  The 
former  was  yeilovriah-green,  as  the  name  implies  ;  the  latter  was  in  greenish-blue  and  bluish 
crystals ;  and  the  names  have  been  used  for  npatite  of  the  same  shades  from  other  places. 
2.  Fibrous^  C'OncretUmary^  sUUactitic.  The  name  Pltot-phoriU  was  used  by  Kirwan  for  all  apatite, 
but  in  bis  mind  it  especdaUy  included  the  fibrous  concretionaiy  and  partly  scaly  mineral  from 
Estremadura,  Spain,  and  elsewhere.  8.  Fluor-ajyatiU^  CldoT'apaUU.  Apatite  also  varies  ui 
to  the  proportion  of  fluorine  to  chlorine,  one  of  these  elements  sometimes  replacing  nearly  of 
whoUy  the  other. 

Comp. — The  formulas  of  the  two  varieties  are  3CaaP-.0«4- CaCU= Phosphorus  penUndde 
40  92.  lime  53-80.  chlorine  6  82=  101  54;  and  3Ca,P:.0.  +  CaF,=Phosphoni8pentoxide  42*26, 
lime  55 '55,  fluorine  3*77= 101 '58.  Sometimes  both  calcium  chloride  ^CaCl}),  and  oaldum 
fluoride  (CaF,),  are  present. 

Pyr*.  etc. — B.B.  in  the  forceps  fuses  with  difficulty  on  the  edges  (F.=:4'5-5),  coloring  the 
flame  reddish -yellow  ;  moistened  with  sulphuric  acid  and  heated  colors  the  flame  pale  bluish- 
green  (phosphoric  acid) ;  some  varieties  react  for  chlorine  with  salt  of  phosphorus,  when  the 
bead  has  been  previously  saturated  with  copper  oxide,  while  others  give  fluorine  when  fused 
mth  this  salt  in  an  open  glass  tube.     Gives  a  phosphide  with  the  sodium  tent. 

Dissolves  in  hydrochloric  and  nitric  acid,  yielding  with  sulphuric  acid  a  copious  precipitate 
of  calcium  sulphate  ;  the  dilute  nitric  acid  solution  gives  with  lend  acetate  a  white  precipi- 
tate, which  B.  B.  on  charcoal  fuses,  giving  a  globule  with  crystalline  facets  on  cocding.  Some 
varieties  of  apatite  phosphoresce  on  heating. 

DifiE. — Characterized  by  its  hexagonal  form.  Distinguished  by  its  softnes?  trom  bexyl ; 
does  not  effervesce  with  acids  like  tbe  carbonates  ;  unlike  pyromorphitc,  yields  no  lead  B.B. 

Obs. — Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  most  common  in  metamor- 
phic  crystalline  rocks,  especially  in  granular  limestone,  granitic  and  many  metalliferous  veins, 
particularly  those  of  tin,  in  gneiss,  syenite,  horublendic gneiss,  mica  schist,  beds  of  iron  ore; 
occaaionaUy  in  serpentine,  and  in  igneous  or  volcanic  rodcs ;  sometimes  in  ordinary  stratifiea 
limestone,  beds  of  sandstone  or  shale  of  the  Silurian,  Carboniferous,  Jurassic,  Cretaoeooe,  oi 
Tertiary  formations ;  also  in  microscopic  crystals  in  many  igneous  rocks,  doleiyte,  etc.  It 
has  been  ol)eerved  as  the  petrifying  material  of  wood. 

Among  its  prominent  localities  are  Ehrenfriederedorf  in  Saxony ;  region  of  St.  Qothazd 
in  Switzerland;  Mussa-Alp  in  Piedmont;  Untersulzbachthal  and  elsewhere  in  the  Tyrol; 
Bohemia ;  in  England,  in  ComwaU.  with  tin  ores ;  in  Cumberland ;  in  Devonshire  ;  at  Wheal 
I'raiico  (fr(inc^MU)t  etc  The  variety,  moraxUe^  occurs  at  Arendal,  Snarum,  etc.,  in  Norway. 
The  (upfu-ngut  tione  or  J^pargdttein  of  JumiUa,  in  Murda,  Spain,  is  pale  yellowish-green  in 
color ;  and  a  variety  from  Zillerthal  is  wine-yellow.  The  phosphoritf,  or  massive  radiated 
variety,  in  obtained  abundantly  near  the  junction  of  g^ranite  and  arg^I^-to,  in  Estremadora 
."^pain  ;  at  Scbiackenwald  in  Bohemia ;  at  Krageroe,  etc. 

In  Musx.^  at  Norwich;  at  Bolton,  and  elsewhere.     In  New  York,  in  St  Lawrence  Co.,  in 


granular  limestone;  in  Rossie;  Sanf'ord  mine,  Essex  Co.;  near  Edenxille,  Orange  Co.  In 
Xeu)  JerHfy^  near  Suckasunny,  ;  Mt.  Pleasant  mine,  near  Mt.  Teabo ;  at  Hurdstown,  Sussex 
Co.  In  Penn.,  at  Leiperville,  Delaware  Co.;  in  Chester  Co.  In  DMaware^t  Dixon*8  quarry, 
Wilmin^'ton.  In  Carutdfi,  in  North  Elnisley,  and  passing  into  South  Burgess ;  sixpilai  la 
RoHfl ;  at  tbe  foot  of  Calumet  Falls ;  at  St   Iloch,  on  the  Achigan. 

Apatite  was  named  by  Werner  from  a-rardw,  to  deceive^  older  mineralogists  having  referred 
it  to  aquamarine,  chrj»olite,  amethyst,  fluor,  schorl,  etc 

OsTKoi.iTE  LH  massive  impure  altered  apatite.  The  ordinary  compact  variety  looks  like 
lithographic  stone  of  white  to  gray  color.     It  also  occurs  earthy.     Haiiau. 

Guano. — Gnano  is  bone- phosphate  of  calcium,  or  osteolite,  mixed  with  the  hydrous  phoe* 
phate.  bruKhitc.  and  generally  with  some  carbonate  of  calcium,  and  often  a  litUe  magnesia, 
alumina,  iron,  silica,  gypsum,  and  other  impurities.  It  ofteu  contains  9  or  10  p.  c.  of  water. 
It  is  often  grauuLir  or  oolitic ;  alno  compact  through  consolidation  produced  by  infiltrating 
waters,  in  which  case  it  is  frequently  lamellar  in  structure,  and  also  occasionally  stal^gmitid 
and  stalactitic.  Its  co'ors  are  usually  grayish- white,  yellowish  and  dark  brown,  and  some- 
times reddish,  and  the  lustre  of  a  surface  of  fracture  ^rthy  to  reainoos. 
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Phospkatic  NoDULBa  COPBOLITES.  — Phosphatio  nodiiles  oooor  in  many  f omilifercrai 
rocks,  which  are  probably  in  all  oases  of  organic  origin.  They  sometimes  present  a  spiral  oi 
other  inteiior  stmctnre,  derived  from  the  animal  organization  that  afforded  them,  and  in 
sach  oaaee  their  coprolitic  origin  is  unquestionable.  In  other  cases  ther'?  is  no  Ftructure  to  aid 
in  deciding  whether  they  are  true  coprolites  or  not 


PTROMORPHITE*  OrOnbleierz,  Oerm. 

Hexa^nal.  Ilemihedral.  (9  A 1  =  139^  38' ;  c=  0-7362.  Cleava^ : 
J  and  1  in  traces.  /  coininonly  striated  horizontally.  Often  globular, 
reniform,  and  hotryoidal  or  verruciform,  with  usually  a  subcolumnar  struc- 
ture ;  also  fibrous,  and  granular. 

H.=3'5-4.  G.=6*5-7'l,  mostly  when  without  lime;  5-6*5,  when  con- 
taining lime.  Lustre  resinous.  CSolor  green,  yellow,  and  brown,  of  differ- 
ent  shades ;  sometimes  wax-yellow  and  fine  orauffe-yellow ;  also  grayish- 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Subtransparent 
ubtranslucent.     Fracture  subconchoidal,  uneven.     Brittle. 


Comp. — Analogous  to  apatite,  8PbtPaO« +Pb01s= Phosphorus  pentoxide  15 '71,  lead  oxide 
82*27,  chiorine  2*02= 100*60.  Some  varieties  contain  arsenic  replacing  part  of  .ne  phosphoroa, 
and  others  calcium  replacing  the  lead. 

Pyr.,  etc. — In  the  closed  tube  gives  a  white  sublimate  of  lead  chloride.  B.  U.  in  the  f  oroept 
'fanes  easily  (F.  =  1'5),  coloring  the  flame  bluish-green  ;  on  charcoal  fuses  without  reduction 
to  a  globule,  which  on  cooling  assumes  a  crystalline  polyhedral  form,  while  the  coal  is  coated 
white  from  the  chloride,  and,  nearer  the  assay,  yellow  from  lead  oxide.  With  soda  on  charcoal 
yields  metallic  lead  ;  some  varieties  contain  arsenic,  and  give  the  odor  of  garlic  in  R.  F.  on 
charcoal.  With  salt  of  phosphorus,  previously  saturated  with  copper  oxide,  gives  an  azure- 
bine  color  to  the  tlame  when  treated  in  O.  Y.  (chlorine).     Soluble  in  nitric  acid. 

Diflf. — Characterized  by  Its  high  specific  gravity,  and  pyrognostics. 

Obs. — Py rem  orphite  oocurs  principally  in  veins,  and  accompanies  other  ores  of  lead .  Occurs 
in  Saxony  ;  at  Przibram,  Mies,  and  Bleistadt,  in  Bohemia ;  near  Freiberg  ;  Clausthal  iu  the 
Harz ;  at  Nassau;  Beresof  in  Siberia;  Cornwall,  Derbyshire,  and  Cumberland,  in  England; 
Leadhills  in  Scotland  ;  Wicklow,  and  elsewhere,  Ireland.  In  the  U.  S.  at  Pheuixville,  Penn.; 
also  in  Maine,  at  Lubec  and  Lenox ;  in  Davidson  Co. ,  N.  C. 

The  figures  produced  by  etching  (see  p.  118)  show  that  pyromorphite  is  hemihedral  like 
apatite  (Baumhauer). 

Named  from  rirp,  fire,  tiop<p-fit  form,  alluding  to  the  crystalline  form  the  globule  assumes  on 
cooling. 


MIMI2TITZI.*  Mimetesite. 


Hexagonal. 
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Oa1  =  139^   58' ;  c=  0-7276.      Cleavage  :  1,  imperfect 
lI.=3-5.      G.=7-0-7-25,   miinetite;    6-4-5-5,  hed}' 
phane.     Lustre  resinous.     Color  pale  yellow,   passing 
into  brown;  orange-yellow;  white  or  colorless.    Streat 
white  or  nearly  so.     Subtransparent — traiishieent. 

Comp. — Formula  8Pb8As208-^PbCla= Arsenic  pentoxide  23*20, 
lead  oxide  74-90,  chlorine  2-30=100-55.  Generally  part  of  the 
aisenic  is  replaced  by  phosphorus,  and  often  the  lead  in  part  by  cal- 
cium. 

Pyr.  etc.—  In  the  closed  tube  like  pyromorphite.  B.  B.  fuscft  at  1, 
and  on  charcoal  gives  in  U.F.  an  arsenical  odor,  and  is  easily  reduced 
to  metsllic  lead,  coating  the  coal  at  first  with  lead  chloride,  and 
later  with  arsenons  oxide  and  lead  oxide.  Gives  the  chlorine  reao* 
tions  as  under  pyromorphite.  Soluble  in  nitric  acid. 
Obs. — Occurs  at  several  of  the  mines  in  ComwaU ;  in  Cumberland.  At  St.  Prix  in  France , 
at  Johaongeozgenstadt ;  at  Nertsohinsk,  Siberia.     At  the  Brookdale  mine,  PhenixviUe,  Vm, 
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Mimettte  is  hemihedral  like  apatite  and  pjromorphite,  as  shown  by  etuhinj  (Banmliauer). 
Named  from  /ii/iirr^s,  imUator^  it  closely  re<)embling  pyromorphite. 

Hedtphanb.^A  variety  containing  much  calciom.    Gamptlitk  contains  much  lead  p1io» 
phate. 


VANADINITEL* 

Jlexagoiial.  In  simple  hexagonal  prisms,  and  prisms  terminating  in 
planes  of  the  pyramids ;  I  A  1,  over  terminal  edge,  142*^  58',  O ^l  =140' 
34',  /a  1  =  130°.     Usually  in  impUinted  globules  or  incrustations. 

U. =2-75-3.  G. =6-6623-7.23.  Lustre  of  surface  of  fracture  resiuoua. 
Color  light  brownish-yellow,  straw-yellow,  reddish- brown.  Streak  white  or 
yellowish.  Subtmnslucent — opaque.  Fracture  uneven,  or  flat  conchoidal. 
ferittle. 

Co.n p.— Formula  3PbtV.iO»-hPbGl3=yanadiarapentoxide  19*36,  lead  oxide  78*70  chlorine 
2*50=-- 100-50. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  yields  a  faint  white  sublimate.  B.B.  fosea 
easily,  and  on  charcoal  to  a  black  lustrous  mass,  which  in  R.F.  yields  metallic  lead  and  a  coat- 
ing of  chloride  of  lead;  after  completely  oxidizing  the  lead  in  O.F  the  block  residue  gives 
with  salt  of  phosphorus  an  emerald-green  bead  in  R.F.,  which  becomes  light  yellow  in  O.F. 
Gives  the  chlorine  reaction  with  the  copper  test.     Decomposed  by  hydrochloric  acid. 

If  nitric  acid  be  dropped  on  the  crysfaJs  they  become  first  deep  red  from  the  separation  of 
vauadium  pentoxide,  and  then  yellow  upon  its  solution. 

Obs. — This  mineral  was  first  discovered  at  Zimapan  in  Mexico,  by  Del  Rio.  Since  obtained 
at  Wanlookhead  in  Dumfriesshire ;  also  at  Beresof  in  the  Ural ;  and  near  Kappel  in  Carinthia. 


DBCHitNiTE.--PbVaO«  (or  with  some  Zn)= Vanadium  pentoxide  45*1,  lead  oxide  54-9=100 
Massive.  Color  deep  red.  Dahn,  near  Niederschlettenbaoh,  Bhenish  Bavaria.  Freiberg  in 
Breisgau  (eutfynekUe). 

Dbscloizite.*— PbiV,07=Vanad  um  pentoxide  201,  lead  oxide  70*9=100.  Orthorhombia 
South  America.     Wheatley  Inline,  Penn. 

PncHERiTE  {FremeL), — Orthorhombic,  near  brookite  in  form  ( Websky),  Oocors  in  smaU 
implanted  crystals.  Color  reddish- brown.  In  composition  a  bismuth  vanadate,  BiYOiS 
Vanadium  pentoxide  28*8,  bismuth  oxide  71  *7.     Pucher  mine,  Sohneeberg,  Saxony. 


RoscoELrrB.  — Occurs  in  thin  micaceous  scales,  arranged  in  stellate  or  fan-shaped  gxoapt. 
Color  dark  brownish -green.  Soft.  G.=2  988  (Genth) ;  2*902  (Roscoe).  Analyses:  1.  Ros- 
coe  (Proc.  Roy.  Soc.,  May  10,  1876);  2.  Genth  (Am.  J.  Sci,  July,  1876). 

SiO^      V0O5  :M0,      FeO,  MnO,    MgO      CaO      K5O     Na,0      HO 

I.     Hl'25      28*60  14*14      113  115      201       0  61      8*56      0*82       108 

moisture  2-27=101 -itt 

3.       47*69      23  02V.O,,      1410      167  FeO        2*00        ti.        759      0*191gn.4-96 

0-85  gangue= 100-28 

The  above  analyses,  made  upon  material  derived  from  the  same  source,  differ  widely, 
especially  in  regard  to  the  state  of  oxidation  of  the  vanadium.  Genth  makes  it  V«Oii  = 
2V30],y30ft.  The  formula  given  by  Rosooe  is  2MVoOi.  -i-  KiSi^Oio  -r  aq.  Found  in  fissures  in 
the  porphyry,  and  in  cavities  in  quarts  at  the  gold  mine  at  GranitiC  Creek^  £1  Dorado  Ga , 
Oal.     Namod  by  Dr.  Blake,  who  ditcorered  lU    §&b  further  on  p.  435. 
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DSBOBIFTiyis  JUNERALOOT. 


WAaNERITB. 

Monocliiiic.  G  =  71^  53',  /A  /=  95°  25',  O  A  It  =  144°  25',  B.  &  M.  5 
/• :  i  :  rf  =  0*78654  :  1-045  :  1.  Most  of  the  prismatic  planes  deeply  striated. 
(.'Icavage :  I^  and  the  orthodiHgonal,  imperfect ;   O  in  traces. 

IL  =5-5-5.  G. =3*068,  transparent  crystal;  2-985,  untrausparcnt,  Ram- 
v.)clsberg.  Lustre  vitreous.  Streak  white.  Color  yellow,  of  diflFei-ent 
ahades  ;  often  grayish.  Ti-anslucent.  Fracture  uneven  and  splintery  ai^rosfi 
the  piism. 

Comp. — MgsP80s+M{rFs=PhoBphora8  peotoxide  43*8,  magnesia  37*1,  flaorine  11*7,  mag« 
nenum  7*4=100.  • 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  at  4  to  a  greenish-gray  glass ;  moistened  with  sulpha- 
ric  add  colors  the  flame  bluish-green.  With  borax  reacts  for  iron.  On  fusion  with  soda 
effervesces,  but  is  not  completely  dissolved  ;  g^ves  a  faint  manganese  reaction.  Fused  with 
aalt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitric  and  hydro- 
ohlorio  acids.     With  sulphuric  acid  evolves  fumes  of  fluohydric  acid. 

ObA.— Occurs  in  the  valley  of  HoUgraben,  near  Werfen,  in  Salzburg,  Austria. 

Kjbbulfine  (0.  KobdJ^. — Stands  near  wagnerite,  but  exact  nature  uncertain.      In 
of  a  pole  red  color  at  Bamle,  Norway. 


MONAZITI].* 


Monoclinic. 
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(7=76M4',  /A  7=93 

078 


°  10',  0^\^\-  138^8';  c\l\d 
=  0-94715  :  1*0265  :  1.  Crvs- 
tals  usually  flattened  parallel  to 
iri.  Cleavage  :  0  very  perfect, 
and  brilliant.  Twins:  twin- 
iiinjy  plane  O, 

ll.  =  5-5-5.  G.  =  4-9-5-26. 
Lustre  inclining  to  resinous. 
Coloi-  brown  ish-hyacinth-red, 
clove-brown,  *  or  yellowish- 
brown.  8u  btransparent — sub- 
translueent.     Rather  brittle. 


Comp. — According  to  Rammelsbeig, 
oRaPaO^-fThjP.Op,  where  R=Ce,La, 
Di.  Analysis  by  Kersten.  Slatoust, 
P,0»  28-50,  ThOa  17-95,  SnOa  210,  CeO  20  00,  LaO  23-4C,  MnO  ISO,  CaO  1  G^,  K.O  and  TiO, 
er.=101-49. 

Pyr,,  etc. — B.B.  infusible,  turns  gray,  and  when  moistened  with  sulphuric  acid  colors  the 
flame  bhiish-green.  W^ith  borax  gives  a  bead  yellow  while  hot  ond  colorless  on  cooling ;  a 
■aturated  bead  becomes  enamel-white  on  flaming.     Difficultly  soluble  in  hydrochloric  acid. 

Diflf. — Its  brilliant  basal  cleavage  is  a  prominent  character,  distinguishing  it  from  tita* 
nite. 

Obs.— Monazite  occurs  i^ear  Slatoust  in  the  Ilmen  Mtn.  ;  also  in  the  Ural ;  near  Notero  in 
Norway ;  at  Schreiberhau.  In  the  United  States,  with  sillimonite  at  Norwich  ;  at  Yorktowc, 
Westchester  Co.,  N.Y.;  neai  Crowder^s  Mountain,  N.  C. 

Named  from  /mi  <k(.\  to  be,  solUary,  in  allusion  to  its  rare  occurrence. 

TURNERITE. — Identical  with  monazite,  as  first  suggested  by  Prof.  J.  D.  Dana.  Ocean  in 
minute  yellow  to  brown  crystals,  rarely  twins,  at  Mt.  Sorel,  Dauphiny ;  Santa  Brigritta, 
Tavetsch;  Lercheltiny  Alp,  Binnenthal;  Laacher  See  (v.  Rath.),  c  :  b  :  a='9216)KS  :  1  ; 
0*958444     C.=77°  18'  (Trechmann). 

KoRABFYEi'^'E  {RodomviHki). — A  cerium  phosphate  containing  fluorine;  near  monazite 
Occurs  in  laige  crystaUine  raassefl  of  a  yeUowish  color  at  Korarfvet,  near  Fahlun,  Sweden. 


Norwich,  Ct. 


Wstortown,  Ct. 
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TRIPHTUTEL*  Triph^liiM. 

Orthorlioiubie.     /a  /=  9S°,  f  A  1-i  =  129°  33',  Tsclierr.iak ;  c :  iS :  i  — 
,l-2H  :  1'1504  :  1.      Fat^es  of  uryetab   usually   uneven. 
Cleavage :     O    nearly    perfect    in    unaltered    cryatals.  *'< 

Massive. 

H.=5.     G.=3'5+-8'6.     Subi-esinons,     Color  greenish- 

fray ;    also   bluish  ;    often    browniehblack    externally, 
treak  giayish-white.    Tmnslucent  in  thin  fraginente, 

Oomp.— R|P,Og,  wh«ra  B=Fe,  Ma,  (Ca)  uid  Li,  IE,.  Na,).  Anolysia 
by  (^ben,  tram  BodenmoU.  P,Ot  4410,  FeO  38  21.  MnO  SOS.  HgO 
2-38,  C»0  0-76,  Li,0  7-e«,  Na,0  0-74,  K,0  004,  SiO,  0-40=10005. 
The  analTsea  vnij  maoli,  owing'  to  the  impure  material  employed. 

P^.,  etc.~In  the  dosed  tube  Kometimm  decrepita(«a.  tuma  to  a  Nonrit^ 

daikcolcr.  luid  gives  off  tnnea  ot  wat^.     B.B.  foses  at  IS,  coloring 

the  Home  beaatifol  litbi>-i«d  in  streaks,  vith  a  pale  blniah-graen  on  the  exterior  of  tha  coiw 
of  fliune.  The  coloration  of  the  Same  is  best  seen  when  the  pnlverized  mineral,  moistened 
with  ■nlphniio  acid,  U  treated  on  a  loop  of  platinum  wire.  With  borax  ^ree  an  iion  bead ; 
with  Boda  a  reaction  for  manganese.     Soluble  in  hydrochloric  aoid. 

Obs. — Triphylite  oocnn  at  Babenitein  near  Zwiasel  iu  Bavaria ;  also  at  £eityu  in  Finland ; 
Noririob,  Mass. 

Kamed  from  rpi'c,  OtTBt-fdld,  and  fv^.f,  family,  in  allnsion  to  its  oonlaining  three  phoii- 

TBIPLirZI.*  Zwi«MUte. 

Ortliorhombic.  Imperfectly  crvetalline.  Cleavage:  unequal  in  three 
directions  perpendicular  to  ea^  utner,  one  much  the  most  distinct 

H,=5-6-5.  G.=3-44-3'i3.  Lustre  resinous,  inclining  to  adamantine. 
Color  brown  or  blackiah-bmmi  to  almost  black.  Streak  yellowish -gray  or 
brown,     Subtranslucent — opaque.     Fracture  small  conchoidal. 

Oomp_R,P,0.+BP, ;  B=Fe,  )fD(Ca).  Analj^is.  v.  Eobell,  fTcblackenwald,  FiO.SS'SS, 
)M}.3'S0,  FeO  23-38.  UnO  30  00,  CaO  9'20.  Mg0  3{)a,  F=8I0=  104-08. 

Pyr.,  etc. — B.B.  fuses  easily  at  1'5  to  a  black  magnetic  globule;  moistened  with  snlphniic 
acid  colors  the  Same  blaish-gceen.  With  borax  in  O.  F.  giTes  an  amethystine  colored  gjaw 
(manganese)  I  in  B.F.  a  strong  reaction  for  iron.  With  soda  reacts  for  manganese.  With 
snlpburic  acid  evolves  flaohydric  acid.     Solable  in  hydrochloric  acid. 

Obs Fonnd  by  Alluaud  at  Limoges  in  France,  with  apatite ;  at  Peilan  in  Silesia. 

Zwiadite.  a  clove-brown  variety,  was  fonnd  near  Babenstein,  near  Zwiesel  in  Bavaria,  Id 
iluacti(Q.=3-97,  Fuohs). 

SABCOPaiSB. — I4ear  triplito.     Talley  of  the  Uiihlbach,  Silesia. 

AMBLTOONim.* 

Trielinic.  Cleavage:  fl  perfect;  i-i  nearly  perfect,  angle  between  these 
cleavages  104i° ;  also  / imperfect.  Qsnally  massive,  cleavable;  sometime* 
columnar. 

H.=6.  6.=3-3-ll.  Lnstre  pearly  on  face  of  pei-fect  cleavage  (0); 
vitreous  on  i-l,  less  perfect  cleav^e-face ;  on  cn>s8-li-acture  a  little  greasy. 
Color  pale  mountain  or  sea-green,  white,  grayish,  bmwnish-white.  Sab* 
transparent — translucent.  Fracture  uneven.  Optical  axes  very  divergent ; 
plane  of  axes  nearly  at  right  angles  tot-i;  bisectrix  of  the  acute  angle 
u^ative,  and  parallel  to  the  edge  O/H;  DeeCl. 
21 
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Oomp.— Aocording  to  Bammelsbeig,  2AlPa08+3Li(Na)F.     If  Na :  Li=l  :  4,  the  foimola 

reqaires  :  Phoephoms  pentozide  49*24,  alumina  35*58*  lithia  6*d4«  soda 
3-28,  fluorine  9*88=104*17. 

Pyr.,  etc. — In  the  closed  tube  yields  water^  whioh  at  a  high  heat  is 
aoid  and  corrodes  the  glass.  B.  B.  fuses  easily  at  2,  with  intumesoeuoe, 
and  becomes  opaque-white  on  cooling.  Colors  the  flame  yellowish-red 
with  traces  of  green ;  the  Hebron  Tariety  gives  an  intense  lithia-rcd ; 
moistened  with  sulphuric  acid  gives  a  bluish-green  to  the  tiame.  With 
cobalt  solution  assumes  a  deep  blue  color  (idumina).  With  borax  and 
salt  of  phosphorus  forms  a  transparent  colorless  glass.  In  fine  powder 
dissolves  easily  in  sulphuric  acid,  more  slowly  in  hydrochloric. 

Dlff. — ^Distinguished  by  its  ea^  fusibility ;  reaction  for  fluorine  and 
lithia ;  greasy  lustre  in  the  mass,  eta 

Obs. — Occurs  at  Chuxsdorf  and  Amsdorf ,  near  Penig  in  Saxony ;  also 
at  Arendal,  Norway.  In  the  U.  States,  in  Maine,  at  Hebron  (hebroniteX 
imbedded  in  a  coarse  granite  with  lepidolite,  albite,  quartz,  red,  greeni 
and  black  tourmaline;  also  at  Mt.  Mica  in  Paris,  8  m.  from  Hebron, 
with  tourmaline. 
The  name  is  from  a/^/?A(>c,  blunts  and  y6w^  angle. 
Hebbonitb. — The  mineral  from  Hebron,  Me.  (see  above),  has  been 
shown  by  DesCloizeaux  to  differ  in  optical  character  (t>  >  p)  from  the 
Penig  amblygonite.  On  this  ground,  as  well  as  on  account  of  a  variation 
in  the  comiKMntion,  it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  species.  The  same 
optical  ohaxacter  and  composition  belong  to  the  mineral  from  Montebras  (called  montebrasiU 
on  the  basis  of  an  erroneous  analysis).  Analysis  of  hebronite,  Pisani,  PaO*  46*65,  ^Oi 
86-00,  Li»0  9-75,  H,0  420,  F  5*22=101  82. 

Hbbdebite. — Supposed  to  be  an  anhydrous  aluminum-calcium  phosphate,  with  fluorine.' 
Golor  yellowish-white.     Ehrenfriedersdorf. 

Dubanoitb.— Monoclinic  Cleavage  prismatic  (110°  10).  H.=5.  G.  =3*937-4 -07.  Color 
bright  orange-red.  Analysis,  Hawes,  Arsenic  pentoxide  6811,  alumina  1719,  iron  sesqui- 
(Udde  9*28,  manganese  sesquioxide  208,  soda  13*06,   Uthia  0*65,  fluorine  7*67=102*99. 

Formula  RsBAsaO*  (with  one-ninth  of  the  oxygen  replaced  by  fluorine),  or  fiAsa0t  +  2BF. 
Here  R=Na  :  Li=10  : 1 ;  ft= Al  :  Fe  :  Mn=15  :  5  :  1.  Other  varieties,  having  a  lighter  ooloi. 
have  Al :  Fe=5  :  1.     Occurs  with  cassiterite,  near  Durango,  Mexico  (Brush). 


Hebronite,  Maine. 


Anhydbous  Antimonates. 


MomicoLiTB. — Mainly  an  antimoD ate  of  lead.     Yellow.    6.  =5  94.     Paisberg,  Sweden. 

Nadobite.— -PbSbjOi  +  PbClj.  In  yellow  translucent  crystals.  H.=8.  G.=7*02.  Djebel 
Nador,  province  of  Constantine,  Algiers. 

ROMEITB.  — An  antimonate  (or  antimonite)  of  oaldum.  Occurs  in  groups  of  minute  tetra- 
gonal crystals.     Color  yellow.    St.  Marcel,  Piedmont. 

RiYOTiTB. — Contains  antimonic  oxide,  carbon  di9xide,  and  copper.  Amorphous.  Ooloi 
yellowish-green.     Sierra  del  Cadi. 

8TIBI0FBBBITB. — Amorphous  coating  on  stibnite,  from  Santa  Clara  Co. ,  Cal    Miztnt e  \f). 


Htdbous  Phosphates,  Arsenates,  etc. 


PHARMAOOLXTE. 


MoBocHnic.  /Ai=lir  6',  i-t  A  i-2  ^  lOd""  26',  1  A  1  ^  117°  24'. 
Cleavage:  i-l  eminent.  One  of  the  faces  1  often  obliterated  bv  the  exten 
sion  of  the  other.  Surfaces  t-t  and  i-2  usually  striated  parallel  to  theii 
mntnal  intenwction.  Barely  in  crystals;  commonly  in  delicate  silky  fibres 
or  acicular  crystallizations,  in  stellated  groups.  Also  botryoidal  and  staUu? 
iitiC|  and  sometimes  massive* 


OZTQEK   CnltPOUHDe. — PS0BFHATB8,    AB8ESATK8,    SIO.  371 

H  =:2-2-5.     G.=2-64-9-73.     Lmtre  ritreons  ;  on  t-i  inclining  to  peatlj 
Color  white  or  gmyish;  frequently  tinged  red 
by  arBciiHte  of  ■.-olialt.     Streak  white.     Tiaiis- 
lucent — o|>a(|iie.     Fracture  uneven.     Thin  lami- 
na) flexible.  ^ 

Oomp.— 2IICaAMi+SHq=Anenio  pentoxido  51'1,  lime 
84-0,  wsterM-0  =  100. 

Pyr.,  etc In  the  oloeed  tnbe  TieMs  water  and  becomes 

opaque.    B.B.  in  O.P.  (nsea  with  intameaoence  to  a  white 

enamel,  aud  colors  the  flams  light  blue  (arsenic).     On  chiir- 

ooal  in  B.F.  givei  aisenioal  fames,  snd  fuses  to  a  semi-transpaient  globule,  icmetimea  Ungsd 

bine  from  tmcea  of  cobalt.     The  ignit«d  mineral  reacts  alkaline  lo  teat  paper.     InMluble  fal 

wateF,  bot  readilj  solnble  in  acids. 

Oba.— Found  with  oiRGnicBl  ores  of  oobolt  and  aUvei  at  Wittiohen,  Baden ;  at  AndreasbOV, 
.  and  at  Kiechelsdort  and  Bieber  ;  at  JoBi:binisthal. 

This  Bpecies  was  named,  in  allaaion  to  its  oontaining  anenio.  from  tpipiiainr,  pDMvn. 

Btruvits.— An  Bmm'iaiam-magnesiuni  pboephate  ooatainiTig  12  eqniTateuts  of  water.  Ib 
piano  fiom  Saldauha  Baf ,  Africa. 

H-vrDiNO£K:TK.— HC&AsO.+aq.=Anenic  pentozide  ^81,  lima  28*3,  watec  130=100. 
JoachimHthal  (?|, 

Bru^hitk.— HCaPO,(ItiP^0,)+2aq=FhoBphonw  pentoiide  41-3.  lime  3S-S,  wat«r  6*1  = 
100.     Honociinic.     O.=:2  208,    On  ^ano  at  Area  Island  and  Sombrero. 

METAniiusBiTR.— 3HCaPOi+9»q.    Q.  =  2'3S.    Sombrera  Ohkithbitr.  ProbtiblT  alteH>d 

CnuarniTK.— R,P,0,+4aq,  with  B=Ce(r>i),Ca.     Cornwall. 

Wai-plkrctk  (PV«n«(), ^Triclinia.  In  minute  ciystals  and  in  inorastationi.  Cdorwhita. 
CompoaiUon  H^Ca.HgjAsOt-f-7aq  =  (Ca  ;  Hk=4  :  3|  anenio  peatozido  48-7,  lime  13-3,  mag- 
Be«ia7'i{,  water  30  6  =  100.  Fonnd  with  pharmacoUteat  Joaohimstluil.  Schranf  itatea  thai 
ra»*l«rUe  is  a  panndomorph  «ft«r  wapplerito. 

HacRNKSiTB. — Monoolinio.  Color  anow-white.  Composition  Mg]ABiOi-)-8ttq.  Fromtbi 
Bknat. 

PiCBOPOABMACOLITR.— Monodinlo.     aai(HKi]AB,Oi+Saq.     Bieoheltdort;  Frelbeig, 


VIViAMITEL 

Monoclinic.     C  =  75"  34',  /a  /  =  108°  2',  1  A 1  =  ISO' 
•935792  :  1-33369  :  1 ;  v.  Bath.    Sitrfaee  t-i  smooth,  others 
Btriatcd.     Cleavage:   *-i,  highly  perfect;  i-i  and  J-i  in 
traces.     Often  renifonn  and  globular.     Structure  diver- 
gent, fibrous,  or  earthy ;  also  iiicmsting. 

II.  =  l'5-2.  G.^2'58-2'68.  Lustre,  *-t  pearly  or  me- 
tallic pearly ;  (itlier  faces  vitreous.  Color  white  or  color- 
leea,  or  neai-ly  so,  when  unaltered  ;  often  bine  to  green, 
deepening  on  exposure;  usually  green  when  seen  ])er- 
pendicularly  to  the  cleavage-face,  and  blue  transvci-sely ; 
the  two  colore  mingled,  producing  the  ordinary  dirty  blue 
color.  Strcali  colorless  to  bluiah-white,  soon  changing  to 
indigo-blue;  color  of  the  dry  powder  often  liver-orowii. 
TraiiapaitJiit — translucent;  becoming  opaque  on  expo- 
sure. Fracturo  not  observable.  Thin  Inininee  ile.\ible. 
Set^tile. 

Oonp^F*,PiO.-l-8Mq=PlM)iph(«H  pntozide  98-S,  ln»  {cuioxida  48-0^  water  2S-7sl'W 
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PjT.,  Btc. — In  the  cloaed  lube  jieldi  neutral  wmtet.  whit«n»  and  exfoliatra.  B.B.  tamm  at 
Itl,  oolorin([  the  flame  blaish-greeu.  to  a,  Krafiah  -  block  magnetic  globule.  Witli  the  fliUM 
(Mota  foi  iiOD.     Soluble  in  bydroclllotic  acid. 

I>ifL^DiBCiDgaUbiiig  cb>iraRt4.'n  :  decp-blne  color;  iMftneni;  aolubiliCy 


Ob* Occurs  associated  with  pjrrhi 

al*f ,  and  Bcmetiiiieii  anaociated  wiih  li  i  oi 
boried  boncH.  Occurs  at  \\'heal  Falmouth. 
TaTiatocki  at  BodcnnuuB.  The  earthj  va 
n  Qieeulaud,  Corinthia,  Cornwall, 


uid  pfnte  ill  copper 


r  bogir 


;   often  ii 


n  Cor 


mil; 


iDcv 


;  in  brd*  of 
ot  foeaila  oi 
nHhire,  nea> 


Mrt/i  or  J 
Cransac.  Fi'anue. 
inN.  America,  it  occurs  in  JVfw./tri"y,  at  Allentown;  at  FraoMin.  AiaoiaBfinann.aeia 
HiddletowD ;  ncaT  Cape  Aenlopen,  In  Murj/lniid,  in  the  north  port  of  Somcraet  and  Wol- 
OMter  Cos.  In  Virginiii,  in  St^ord  Co.  In  Vanadn.  with  limoDit«  at  Vandreuil,  abundant. 
LuDi..AiirrE  if'iWd}.— UoDoclinic  H.=3'4.  G.=3'12.  Color  oleat  green,  from  pale  to 
dkric  TianEpurent,  briUiaut.  Compoaition2FeiP.,0.  +  H,FeOi  ■l-Saq=Phoaphorus  pentoxide 
(0-66,  Iron  protoxide  Saoo,  water  17-00=100.     CoruwaU. 

BRTimilTE.     Cobalt  Bloom.     KobaltU&the,  Qtrra. 

Monoelinie.  0=70°  54', /A /=  111"  10'  Oa  1-i  =  U6M9';  h.b-.d 
=  0-9747  : 1-3«18  :  1.  Suifacea  i-i  and  l-»  \ertitallv 
Btriated.  CloftVHge:  *i  liighly  perfect,  t-t  and  It  indis- 
tinct. Also  ill  glubiilar  and  rcniforni  shapes,  having  a 
driiey  surface  and  a  coliiinnar  structure ;  Boinetimcs  stel- 
late.    Also  pulvenilent  and  eartliv,  incrusting. 

n.=  l-5-2-5;  the  lowest  oii  t-i*.  G.=2-94S.  Lustre 
of  t-t  pearly ;  other  faces  adamantine,  inclining  to  vitre- 
ous; iilso  dull  and  eaitln'.  Culor  crimaon  and  peach- 
red,  Bometinies  pearl-  or  green ish-gi -ay  ;  red  tints  incline 
to  blue,  perpendicular  to  clcaviige-face.  Streak  a  little 
paler  than  tlie  color  ;  tiie  diy  powder  deep  lavender- 
blne.  Transparent — siihtranslncent.  Fractnre  not  ob- 
servable.   Thin  laininie  flexible  in  cuie  direction.    Sectile. 


Scbnaeberg. 


T  84  04  ;  Co 


Oomp^ — CoIAfl,0,-^8aq  =  A[Mnio  pentoxide  38'40,  cobalt  oxide  ftT-58,  « 
o(t«n  partlj  replaced  67  Fe,Ca.  or  Ni. 

Pyr.,  etc In  the  cloeed  tube  fields  water  at  a  gentle  beat  nnd  toma  blniah  ;  at  a  higher 

heat  gires  off  orsenonB  oxide,  which  ooudeneea  in  crystalH  on  tbe  cool  glaae,  and  the  reddne 
haa  a  dark  gray  or  black  color.  B.  B.  in  the  forceps  fiwes  at  2  to  a  gray  bead,  and  colors  the 
flame  light  bine  (anenic).  B.B.  ou  charcoal  given  an  arsenical  odor,  and  fnsesto  a  dark  gray 
arsenide,  which  with  borax  gives  tbe  deep  blue  color  characteristic  of  cobalt.  Soluble  in 
bTdrochloric  acid,  giving  a  losc-red  solution. 

Obs.— OccurB  at  Schneeberg  in  Saionj  ;  at  Saolfcld  in  Thariogia  ;  Wolfach  and  Wittidien 
In  Baden;  Hodnm  in  Norway ;  at  Aliemont  in  Dauphiny;  in  Cornwall,  at  the  Botallaok 

Brjthrite,  when  abundant,  is  valuable  for  the  manufacture  of  smalt.  Kamed  from  iputfit, 
red. 

Ro«EL[Tr.»— Triplin!c(Schmuf).  Dsnally  in  complex  twin  ccyetak.  H.  =  3-5.  0.=8'S83 
-8 -738.  Color  roee-red.  Composition  B]AHvOfl-t-Saq(or:}aql.  with  ]l=Ca.Mg,  and  Co.  Ana- 
lysis. Winkler,  As,0.  49  Ofl,  CoO  12-45,  CaO  3:(-72.  MgO  4-«T,  RvO  0-09=100-49.  Found  at 
fichnceberg,  Saxony  ;  the  crystals  from  the  Daniel  Uine  have  a  lighter  color  than  those  of  the 
Bappold  Uine.  the  latter  containing  less  cobalt  and  more  calcium, 

WlNKi.EHlTE— Contains  As,Oi.Cn,f o,Fe,Co,Si,Ca,H;0,CO,,  ete.       Mixtnre(T).      Pria. 

KoTTiOiTF. — Near  erythrite,  bot  contein;  line.     Schoeebeig. 

ANNAiibiKurTE  (Nickelblilthe,  0crm.).~M,As,O,  r!)a<]  =  Arseiiic  pentoxide  3S'6,  nickel 
mide  373,  water  24-2  =  100.  Soft,  earthy.  Coloi  apple-green.  Atlemont;  Annaberg; 
Biechehidort. 

HcuEArLiTt:. — A  hydrous  iron- manganese  phosphate,  o^curing  in  coTities  in  triphylit4 
■t  Limoges.  France. 

CuONRRABaENiTB. — Yellow  praina  in  barite  ;  probably  a  maugaueae  anenate. 


OXTOEN  COMPOUNDS. —PHOSPHATES,    ARSENATES,    BTO. 
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IJBETHBNrrS. 

Orthorhombic.     I^  I  =  92°  20',  Q  A  1-i  =  143°  50' ;  i 
1*041C :  1.      Crystals    usually    octahedral    in    aspect. 
Cleavage:  diagonal,  i-t,  i4,  \very  indistinct.     Also  gfobu* 
lar  or  roniform,  and  compact. 

n.=4.  G.=3-6-3-8.  Lustre  resinous.  Color  olive- 
groen,  generally  dark.  Streak  olive-green.  Translucent, 
to  subtranslucent.  Fracture  subconchoidal — uneven. 
Brittle. 

Oomp. — CutPaOft+aq,  or  CusPsOs -f  HaCuOs  (Ramin.)= Phosphorus 
pentoxide  29*7,  copper  oxide  06*5,  water  3 '8=  100. 

Pyr.,  etc. — In  the  closed  tube  yields  water  and  tarns  black.  B.B. 
fuses  at  2  and  colors  the  flame  emerald-green.  On  charcoal  with  soda 
gives  metaUic  copper,  sometimes  also  an  arsenical  odor.  Fused  with 
metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with  the  forma- 
tion of  lead  phosphate,  which  treated  in  R.F.  gives  a  crystaUine  polyhedral  bead  on  cooling. 
With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — Occurs  at  Libethen,  in  Hungary :  at  Eheinbreitenbach  and  Ehl  on  the  Bhine ;  at 
Nisohne  Tagilsk  in  the  Ural ;  in  Bolivia ;  Chili. 


OUVEMTm. 

Orthorhombic.  /a/=92°30',  0^4  =  144*^  14';  c 
1*0446  :  1.  Cleavage:  /  and  14  in  traces.  Sometimes  aci- 
cular.  Also  globular  and  reniforin,  indistinctly  fibrous, 
fibres  straight  and  divergent,  rarely  promiscuous;  also 
curved  lamellar  and  granular. 

H.=3.  G.=4'1-4*4.  Lustre  adamantine — vitreous:  of 
some  fibmus  varieties  pearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish- 
green;  also  liver- and  wood-brown;  sometimes  straw-yellow 
and  grayish-white.  Streak  olive-green — brown.  Subtrans- 
])arent — opaque.  Fracture,  when  observable,  conchoidal — 
uneven.     JBrittle. 


2:4  =  0-72 
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Comp. — Ou4As30o-)-aq=Cu«As«OB+HaCuOa  (Kamm.)=ArBemo  pentoxide  40*66,  ooppei 
oxide  56  15,  water  3  19 =100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  fuses  at  2,  coloring  the  flame  bluish-green, 
Ukd  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  charcoal  fuses  with  deflagration, 
gives  off  arsenical  fumes,  and  yields  a  metallic  arsenide,  which,  with  soda  yields  a  globule  of 
copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — The  crystallized  varieties  occur  in  many  of  the  ComwaU  mines ;  near  Tavistock  in 
Devonshire ;  also  at  Alston  Moor  in  Cumberland  ;  at  Camsdorf  and  Saalf eld  in  Thuringia ;  the 
Tyrol ;  the    Banat ;  Siberia ;  ChiU  ;  and  other  places. 

Ajjamite. — Zn3AjBi0«+H.>Zn0.,=: Arsenic  pentoxide  40*2,  zinc  oxide  50*7,  water  31=100. 
Color  yellow.     Chanaroillo,  ChUi ;  Cap  Garonne. 

Tagilite— Cu4PaO»  +  3aq  (=Cu>p906-i-HaCuOj+2aq).  Color  emerald-green.  Nischne- 
Tagilsk.  IsoCLASiTE.  Ca4P.j0»-+-5aq  (=CasPaO»-f-HaCa0.j-+-4aq).  Colorless  to  snow-white. 
Jo:vchimRthal. 

EucHROiTE. — CusASiOe+HsCuOs+Oaq  (Ramm.)= Arsenic  pentoxide  34*1,  copper  oxide 
47  "2.  water  18  7  =  100.     Color  emerald -green.     Libethen,  Hungazy. 

CnroKOTiLB. — CusAs^Otf+Oaq.  In  capillary  crystals.  Also  fibrous;  massive.  Color  apple* 
green.     In  quartz  at  Schneeberg  and  Zinnwald  ;  Thuringia ;  Chili  (Frenzd). 

Vemelyite  {Schrauf), — A  hydrous  copper  phosphate  ;  composition  4CuaP'iO»+6aq.  Trf 
clinia    Occurs  in  cryBtalline  crusts  on  a  gaxnet-rock  at  Morawicsa  in  the  Banat. 
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UROOONITB.    LiBsenexi,  Germ, 

Monoclinic.  /a/==  74°  21',  DesCl.  0=88''  33'.  Cleavage  lateial, 
but  obtained  with  difficulty.     Rarely  granular. 

EL=2-2*5.  G.=2*88-2*98.  Lustre  vitreous,  inclining  to  resinous. 
Oolor  and  streak  sky-blue — verdigris-green.  Fracture  imperfectly  con- 
choidal,  uneven.    Imperfectly  sectue. 

Oomp.— Formula  Gus(::y)  A6t(Ps)0(i+H«(Gut,::y)Os-h9aq,  with  Ga.  :  iVl=3  :  2,  and  Am  : 
P=l  :  4.  ThiB  requires  arBenio  pentozide  23*1)  phoephoruB  pontoxide  8  *6,  copper  oxide  85 '9. 
alumina  10  8,  water  27  1 = 100. 

P5rr.,  etc. — In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B.  cracks  open, 
out  does  not  decrepitate  ;  fuses  less  readily  than  olivenite  to  a  dark  gray  slag ;  on  oharooal 
oraokB  open,  deflagrates,  and  gives  reactions  like  olivenite.     Soluble  in  nitric  acid. 

Obs. — With  various  ores  of  copper,  pjzite,  and  quartz,  at  Wheal  Gorland,  Wheal  Muttrell, 
etc.,  in  Gomwall ;  also  in  minute  crystals  at  Herrengrund  in  Hungary ;  and  in  Yoigtland. 

PSKUDOlf  ALACHITB  Phoaphocholcite.  —  CUePaOi ,  -}-3aq=Gu8PjO,,+8H,GuOa=:PaOfc  21  -1 , 
GuO  70-9,  H2O  8*0=100.  Triclinic  (Schrauf).  G.=4*34.  Golor  emerald-green.  Related 
sub-species:  Ehlite  {Prasine),  Gu9P'iOb+2H.iGuOj+aq  (Ramm.);  Ddiydrite,  CusPgOeH- 
2HtGuOs.     £hl,  near  Liuz,  on  the  Rhine  ;  Libethen,  Hungary ;  Nischne  Tagilsk  ;  GornwaU. 

Erqiitb. — GusAsaO0+2H2GuOx.  In  mammiUated  crystalline  groups.  Golor  green.  Gorn- 
waU. 

GoRMWALLiTE. — GuJLsaOio+Saq  (=GusAs^08+2HaGu0s+aq).  Amorphous.  Golor  green. 
Gomwall  {Church). 

PsrrTAcmnE. — Occurs  in  thin  crypto-crystalline  coatings,  sometimes  having  a  botryoidal 
structure ;  also  pulverulent.  Golor  d;^in  green  to  olive-green.  Formula  2Rty308  +  8HaGuOs 
-f  6aq,  with  R=Pb  :  Gu=8  :  1.  This  requires :  Vanadium  pentoxide  19*82,  lead  oxide  53*15t 
copper  oxide  18*95,  water  8*58=100.  Found  at  the  g^ld  mines  in  SUver  Star  District,  Mon- 
tana (Genth.  Am.  J.  Set,  III.,  xii.,  35,  1870). 

MoTTRAMFTE. — Occurs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velvety,  con- 
sisting of  minute  cr^'stals  ;  more  generally  compact.  H.  =3.  G.  =5*894.  Golor  black  by 
reflected  light,  in  thin  particles  yellowiMh,  trauHlucent  (crystals) ;  purplish-brown,  opaque, 
(compact).  Formula  (Pb,Gu)sVaOB  +  2Hs(Pb,Cu)0j,  which  requires  vanadium  pentoxide  18*74, 
copper  oxide  20*39,  lead  oxide  57  18,  water  3*69=100.  Related  to  dihydxite  and  <irinite. 
Found  in  Keuper  sandstone  at  Alderley  Edge  and  Mottram  St.  Andrew's,  in  Cheshire, 
England  (Roscoe,  Proc.  Roy.  See.,  xxv.,*III.,  1870). 

VoLBORTHrrE.— B4ytOa-i-aq,  with  R=Ga  :  Gu=2  :  3  (or  8  :  7),  Ramm.  From  th^  Urala. 
ITalk-volborthit  (^^rm),  Friedrichsrode,  contains  calcium. 


OLINOOLASITE.    Strahlerz,  Oerm. 

Monoclinic.     0=  80°  30',  /A/,  front,  =  56°.     Cleavage :  basal,  highly 

perfect.  Also  massive,  hemispherical,  or  rciiiform ; 
^1  structure  radiated  fibrous. 

>r X  U.=2-5-3.      G.=4:-19-4-36.      Lustre:    O  pearly; 

\  \    0         L^        elsewhere  vitreous  to  resinous.     Color  internally  dark 

verdigris-green;  externally  blackish-blue  green.  Streak 
bluish-green.     Subtranslucent.     Not  very  brittle. 

Oomp.— Gu9As30«-l-3H2Gn0a=Ar8enic   pentoxide  30*2,   coppei 
oxide  62-7,  water  7  1=100. 
Pyr.,  etc. — Same  as  for  olivenite. 

Obs. — Occurs  in  GomwaU,  with  other  ores  of  copper,  at  aevenJ 
mines.     Also  found  in  the  Erzgebirge. 
\/  V^  Ttrolite  (Kupferschaum). — A  hydrous  arsenate  of  copper  (Ooi 

AsvOio-H/^aq),  containing  also  crilcium  carbonate  ^as  an  impurity  T  ) 
Cobr  pale  apple-green.     Libethen,  HungorA- ;  Schneebeig,  etc. 


OXTOmi   0OMPOUHD8. PH0BPHATB8.  ABaBNATBa,   BTO.  37j) 

Ohiloophtlmtk  (Copper  mktt;  Enpfer^inuner,  0«ni*.).— Ca,Aa,Oi+0H,OaOi-(-7H,O= 
Ananlo  pentozida  SI -8,  ooppor  oxide  087,  water  20-0=100.  Copper  nOne*  of  Oomwalli 
HaiigM7i  Mold&wB. 


ZiAZUUTE.     Blanapatli,  Garvt. 

^  Monoclinie.  t7=  88°  16', /A/  =  91"  BC,  O A  14=  139°  46',  Prttfer: 
c :  4  :  d  =  0-86904  : 1-0260  : 1.  Twins:  twjDuing-plauei-ij  alao  6>.  Cleav- 
age :  lateral,  iiidietinct    Also  maaaive. 


H.=5-6.  G.=3-067,  Fnchs.  Lustre  vitreons.  Color  aznre-blue;  com- 
monly a  fine  deep  blue  viewed  along  one  axis,  and  a  pale  greenlBh-blaa 
along  another.  Streak  white.  Siibtranslucent — opaque.  Fracture  uneven. 
Brittle. 


Fyr.,  etc. — In  the  cloied  tube  whiten*  and  ylelda  water.  B.  B.  with  oobalt  Mlntiou  the 
blae  color  at  the  mineral  ii  rentored.  In  the  foioepe  whiteni,  craaka  open,  awella  up,  and 
wit^oQt  foflioTi  falls  to  piiwet,  coloring  the  flame  blni^greea.  The  gteen  color  ii  made  mora 
intense  b7  moiateninK  the  aoaaj  with  cnlphlliic  aoid.  With  the  fluiea  ^vea  an  iron  glaaa ; 
with  aoda  on  cbarooid  an  infnsiUe  maaa.     nnactcd  npon  bj  acida,  retaining  perfectly  ita  bloa 

DifL— Cbaraoteriied  b]>  Ita  One  bine  color;  blue  flame  B.B. 

Obi. — Occoi*  near  Werf en  in  Salibnrg ;  in  Qratz,  near  Toran ;  in  Krieg-laoh,  in  SiTria ;  al 
Bouhtbaligrat,  at  the  Oomer  glader,  in  SwitierUnd ;  in  Homjoberg,  Wermluid ;  Weataca, 
Bweden  ;  also  at  Tijuoo  in  Hinaa  QeraeH.  Brazil.  Abundant  at  Crowder'i  Mt.,  T.lniviln  Qg,^ 
'  N.  C;  and  on  Giavea  Mt,  Lincoln  Co.,  Ga.,  SO  m.  above  Angnatai 

SOOROOITB. 

Orthorhombic.    7a7=98*'  2',  <?AM  =  13S°  20';  i  il :  a  =  1-0977 . 
1*1611 :  1,  Miller.    Cleavage :  i-i  imperfect,  i-i  and  it  in 
traces. 

H.=3'5-4,  G.=31-3'3,  Lustre  vitreous — sitbadaman- 
tine  and  subresinous.  Color  pale  leek-green  or  liver-brown. 
Streak  white.  Siibtransparent — translucent.  Fracture 
■uneven. 

I   aeaqnioside 

tnma  jellow. 
B.B  loHa  eaailj,  coloring  Qio  flame  bine.  B.B.  on  charcoal  givea 
araeuical  fnmea,  and  withooda  ablnckmagnetioiooria.  WiththefloMi 
teaotB  for  iisn.    SolnUe  in  hydTvohlonc  mi. 
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Obfl. — Found  at  Sohwarzenbeig  in  Saxony ;  at  Nertschinak,  Siberia ;  Dembaoh  in  Kanau ; 
in  tbo  Cotniah  mines ;  at  the  Minas  Geraes,  in  Bradl ;  in  Popayan ;  at  the  gold  mines  of  Vio* 
toria  in  Am  tralia.  Occurs  in  minute  crystals  and  druses,  near  Edenville,  N.  Y. :  in  Gabanaa 
Co.,  N.  C. 

WAVELIilTEI. 

Orthorhombic.     /a  /=  126°  25',  OAl-i=  143°  23' ;  c:b:d  =  0-7431 

:  1*4943  :  1.     Cleavage  :  I  ratlier  perfect ;  also  brachydia- 
^^  ffonal.     Usually  in  hemispherical  or  globular  coucretions, 

having  a  radiated  structure. 

H.=3-25-4.     G.=2-316-2-337.     Lustre  vitreous,  inclin- 
ing  to  pearly  and  resinous.     Color  white,  passing  into  yel- 
low, green,  gray,  brown,  and  black.     Streak  white.     Trans- 
**      lucent 

Oomp — Al,P40i9,12aq=2A:lPaO.  +  H«A10«+9aq=Pho8phoruspentox- 
ide35'16,  alamina38'10,  water26-74=100;  1  to  2  p.  c.  fluorine  is  often 
present,  replacing  the  oxygen. 

Pyr.,  etc. — In  the  closed  tube  gives  off  much  water,  the  last  portions 
of  which  react  acid  and  color  Brazil-wood  paper  yellow  (fluorine),  and 
oko  etch  the  tube.  B  B.  in  the  forceps  swells  up  and  splits  frequently  into  fine  aciculai 
partioleB,  which  are  infusible,  but  color  the  flame  pale  green ;  moistened  with  sulphuric  acid 
the  green  becomes  more  intense.  Gives  a  blue  with  cobalt  solution.  Some  varieties  react 
for  iron  and  manganese  with  the  fluxes.  Heated  with  sulphuric  acid  gives  off  fumes  of  fluo* 
bydrio  acid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

Diffi — Distinguished  from  the  zeolites  and  from  gibbsite  by  its  giving  a  phosphorus  reac- 
tion;  it  dissolves  in  acid  without  gelatinization. 

Obfi. — Found  near  Barnstaple,.  Devonshire  ;  at  Clonmel  and  Cork,  Ireland ;  in  the  Shiant 
bles  of  Scotland ;  at  Zbirow  in  Bohemia ;  Zajecov  in  Bohemia ;  at  Frankenberg  and  Langen- 
Btrieg^,  Saxony ;  Diensberg,  near  Giessen,  Hesse  Darmstadt ;  in  a  mang^anese  mine  in  Wein- 
bach,  near  WeUburg,  in  Nassau  ;  at  Villa  Ilica.  Minas  Geraes.  BraziL  In  the  United  States, 
at  the  8lat6  quarries  of  York  Co..  Pa.;  at  Washington  mine,  Davidson  Co.,  N.  C;  at  White 
Horse  Station,  Chester  Co.,  Pa  ;  Magnet  Cove,  Aik. 

Zepharoyiciiite.  — Near  wavellite.  Composition  AlP^Oe  +  6aq  (or  5aq,  Ramm.).  Compact 
Color  greenish  to  grayish.     Occurs  in  sandstone  at  Tronic,  Bohemia. 

CCERULEOLACTITE. — Crypto-crystalUne.  Color  milk-white  to  light  blue.  CompositioD 
(Petersen)  3^3P4Oi0  +  lOaq.  Katzenellnbogen.  Nassau.  Also  Chester  Co.,  Penn.  (Oenth, 
who  regards  the  copper,  4  p.  c,  as  belonging  to  the  mineral.) 

PHARMAOOSIDSRITE.    Wlirfelerz,  Oerm. 


Cleavage:  cubic,  imperfect.     O  sometimes  striated  parallel  to  its  edge  of 
intersection  with  plane  1 ;  planes  often  curved.     Rarely  granular. 

H.=2*5.  G.=:2*9~3.  Lustre  adamantine  to  greasy,  not  very  distinct 
Color  olive-green,  passing  into  yellowish-brown,  bordering  sometimes  npoii 
hyacinth-red  and  blackish-brown  ;  also  passing  into  grass-green,  emerald- 
green,  and  honey-yellow.  Streak  green — brown,  yellow,  pale.  Subtrana- 
parent — subtranslucent.     Kather  sectile.     Pvn^electric. 


hyacinth-red  and  blackish- orown  ;  also  passmg  into  grass-green,  emeraia- 
green,  and  honey-yellow.  Streak  green — brown,  yellow,  pale.  Subtrana- 
parent — subtranslucent.     Kather  sectile.     Pyn^electric. 

Oomp.— Fe4A8«Oa7,15aq=3FeAsaO„+H6FeOe  -»-  12HaO= Arsenic  pentoxide  43  13,  iron 
■eaqnioxide  40  00,  water  16-87=100. 

Pyr.,  etc. — Same  as  for  scorodite. 

Obs.- -Formerly  obtained  at  the  mines  of  Wheal  (Borland,  Wheal  Unity,  and  Garharraok, 
in  Cornwall ;  now  found  at  Burdle  Gill  in  Cumberland ;  in  minnte  tetiahedrai  crystals  al 
Wheal  Jane  ;  also  in  Australia ;  at  St.  Leonard  in  J  ranoe  and  at  Sv  oneeberg  and  Schwftr* 
■enboig  in  Saxony. 
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Named  from  4>dpfiaKor,  poison  (in  allosion  to  the  anenio  present),  and  fft9fipo\j  iron.  WUrfA 
grz,  of  the  Gennans,  means  eube-ore. 

Rhagitb  {Weisbach). — Composition  BLioAii409ft+9aq=2BiA804+8HaBiO«=ArBenio  pent- 
oxide  15*6,  bismuth  oxide  78*0,  water  5*6=100.  Spherical  ciystalline  aggregates.  Gdloi 
bright  gn^een.     Schneeberg,  Saxony. 

Plumbooummitb. — OomiKwition  onoertain.  Contains  essentially  alnmina,  lead,  water, 
and  phosphorus  pentoxide.    Huelgoet ;  Cumberland ;  liine  la  Motte,  Mo. 


OHTTiT>RTlNITB.» 

Orthorhombic.     7  A  /=  111°  54',  O  A  1-i  =  136^  26' ;  6:b:a=:  0-9513 
1*4798  :  1.    Plane  O  sometimes  wanting,  and  the  form  a  double  six- 
eided  pyramid,  made  up  of  the  planes  1,  2-1,  with  i-i  small.     Cleavage :  i-l, 
imperiect 
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H.=4-5-5.  G.— 3-18~3'24.  Lustre  vitreous,  inclining  to  resinooB. 
Color  yellowish-white  and  pale  yellowish-brown,  also  brownish-black. 
Streak  white,  yellowish.     Translucent.     Fracture  uneven. 

Oomp. — Formula  somewhat  uncertain.  Analysis:  Bammelsberg,  PsO»  28*92,  A10»  14*44, 
FeO  30-68,  MnO  907,  MgO  014,  H,0  16*98=100-23. 

Pyr.,  etc.— In  the  closed  tube  gives  off  neutral  water.  B.B.  sweUs  up  into  ramificationa, 
and  fuses  on  the  edges  to  a  black  mass,  coloring  the  flame  pale  green.  Heated  on  oharooal 
turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese.  With  borax 
and  salt  of  phosphorus  reacts  for  iron  and  manganese.     Soluble  in  hydrochlorio  acid. 

Obs.— Occurs  near  Tavistock ;  also  at  Wh^  Crebor,  in  Devonshire ;  on  slate  at  Oriimia 
mine  in  Cornwall.     Hebron,  Me.  (f.  688.). 


TQRQUOIS.    Caliaite.    Kalhut,  Ealait,  Qertn. 

Reniform,  stalactitic  or  incrneting.     Cleavage  none. 

11. =6.  (jr.=2-6-2-83.  Lustre  somewhat  waxy,  feeble.  Color  sky-blue, 
bluish  green  to  apple-green.  Streak  white  or  greenish.  Feebly  subtnna- 
lucent — opaque.     Fracture  small  conchoidal. 

Oomp. — Hydrous  aluminum  phosphate,  perhaps  iV]9PaOii4-5aq=Phosphonis  pentoxide 
32*6,  alumina  46-9,  water  20*5=100 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  black.  B.B. 
in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse ;  colon 
the  flame  green ;  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper  chloride). 
With  the  sodium  test  gives  phosphuretted  hydrogen.  With  borax  and  salt  of  phosphorus  gives 
beads  in  O.F.  which  are  yellowifih- green  while  hot,  and  pure  green  on  cooling.  With  salt  of 
phosphorus  and  tin  on  charcoal  g^ves  an  opaque  red  bead  (copper).  Soluble  in  hydrochlorio 
acid. 

Obs Occurs  in  clay  slate  in  a  mountainoos  district  in  Persia,  not  far  from  Nichabonr. 

According  to  Agaphi,  the  only  naturalist  who  has  visited  the  locality,  turquois  occurs  only  in 
veins,  wMch  traverse  the  mountain  in  aU  directions.     An  impure  variety  is  found  in  Silfirfi. 
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and  at  OelsnitB  in  Saxony.  W.  P.  Blake  xefen  here  to  a  hard  yeUoivish-  to  blnish-greeii  ■torn 
(which  he  identifiea  with  the  chalMhuUl  of  the  Mexicans)  frc/m  the  monntainfi  Ikw  Cerillaa, 
20  m.  S.  E.  of  Santa  F6.     A  pale  green  tnrqnois  occurs  in  the  ColumbuA  district,  Nevada. 

Turqnois  receives  a  good  polish,  and  is  highly  esteemed  as  a  gem.  The  Persian  king  li 
said  to  retain  for  his  own  nse  all  the  larger  and  finely  tinted  specimens. 

Peoanitk. — Gompoaition  AliP90ii+6aq=Phosphonis  pentoxide  31  1,  alumina  81  1, 
water  23  -7=  100.     Striegis,  Saxony. 

DUFRENITE. — Composition  Fe3P,Oii+3aq  (FePsOii+H«FeOa)= Phosphorus  pentoxide 
27 '5,  iron  sesquioxide  62*0,  water  10*5=100.  Anglar,  Dept.  of  Haute  Vieune;  Hirschberg, 
Westphalia ;  Allentown,  N.  J.    In depositB  of  nodules  1  to  6  in.  thick,  in  Rockbridge  Co.,  Ya 

AHDRBwaiTE.— In  globular  forms,  having  a  radiated  structure.  H.=4.  .G. =8*475. 
Color  dark  green.  Analysis,  Flight,  PtO»  26-()0,  FeO.  44*64,  M0»  0*92,  CnO  1086,  FeO  7*11, 
KnO  0*60,  CaO  0  09,  SiOt  0  40,  HsO  8 -79  =00  59.  In  a  tin  lode,  West  Phenix  mine,  near 
Liskeard,  Cornwall. 

Chalcobiderite. — In  bright  green  crystals  (triclinic)  on  Andrewsite  (see  above).  H.= 
4-5.  G.=3108.  Analysis,  Flight,  P,0»  29  93,  As^O*  061,  FeO,  42  81,  AlO,  445,  CuO  814, 
HiO  15*00,  UOstr.  =100*94.    Also  as  a  coating  on  dufrenite.     ComwalL     Sayn,  Westphalia. 

Henwoodite. — In  globular  forms,  with  a  radiated  structure.  H.=4-4'5.  G.=2i67. 
Color  turquois-blue  to  bluish -green.  B.B.  Infusible.  AnalysLs,  PaOs  48*94,  ^10,  18*24. 
FeO,  2-74,  CuO  7  10,  CaO  0*64,  H^O  17*10,  SiO,  1*87,  loss  3*97=100.  Occurs  on  limonite  at 
the  West  Phenix  mine,  Cornwall  {CoOins,  Min.  Mag.,  1,  p.  11). 

Oaooxemite.— Supposed  to  be  an  iron  wavellite.  Compoaiiiosi  FesP,0M+12aq.  In  xa- 
diated  tufts.     Color  yellow.     Hrbeck  mine,  Bohemia. 

A^SENiosroEBiTB.— Analysis  by  Church,  As,0»  39*86,  FeO,  85*75,  CaO  15*58,  MgO  0*18 
KiO  0*47,  H,0  7-87=99  66.  Formula  (Bamm.)  2Ca«AB,Os+FeAs,0,+3H«FeO«.  Bo- 
man^dhe. 

ATBLBfiTiTiE. — Essentially  a  bismuth  arsenate.     In  minute  yellow  crystals  at  Schneeberg. 


TORBERNITE.    Chalcolite.    Kupfer-Uranit,  Oerm, 

Tetragonal.     O  A  1-i  =  134°  8' ;  c  =  1-03069.     Forms  square  tables,  with 

often  replaced  edges ;  rai*ely  suboctahedral.  Cleav- 
^89  age :  basal  highly  perfect,  micaceous.     Unknown 

massive  or  earthy. 

H.=2-2*5.     G.=3-4-3-6.     Lustre  of  O  pearly,  of 
other  faces  subadamantine.      Color  emerald-  and 
grass  green,  and  sometimes  leek-,  apple-,  and  sis- 
ComwaU.  kin-green.     Streak  somewhat  paler  than  the  color. 

Transparent — subtranslucent.  Fracture  not  ob- 
servable. Sectile.  Lamina)  brittle  and  not  flexible.  Optically  uniaxial ; 
double  refraction  negative. 

Oomp.— Q.  ratio  f or  R  :  U  :  P  :  0=1  :  6  :  5  :  8 ;  formula  CuU9P20„  +  8aq=2(UOa),P,Ot 
+CusPiO«-l-24aq.  The  formula  requires:  Phosphorus  pentoxide  15*1,  uranium  trioiide 
•1*2,  copper  oxide  8*4,  water  15  3 =100. 

Pyr.,  etc. — In  the  dosed  tube  yields  water.  In  the  forceps  fuses  at  2*5  to  a  bladdsh  maaa, 
and  colors  the  flame  green.  With  salt  of  phosphorus  g^ves  a  green  bead,  which  with  tin  on 
oharcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  gives  a  globule  of 
oopper.     Affords  a  phosphide  with  the  sodium  test.     Soluble  in  nitric  acid. 

Obs. — Gonnis  Lake,  Tincrof  t  and  Wheal  Buller,  near  Redruth,  and  elsewhere  in  ComwaU. 
Found  also  at  Jobanngeoigenstadt,  Eibenstock,  and  Schneeberg,  in  Saxony  ;  in  Bohemia,  at 
Joaohimsthal  and  Zinnwald ;  in  Belgium,  at  Vielsalm. 

Both  this  species  and  the  autunite  have  gone  under  the  common  name  of  uranUe ;  Ihi 
former  also  as  Ccpper^uraniUy  the  latter  Lime- jLta'wilt, 
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AXTTONITB.*  Unnit;  KAlk-UrangUmnier,  KiOk-Unmit,  Germ, 

Orthorhombic ;  but  foi-m  very  nearly  square,  and  crjstalB  lesembling 
closely  those  of  torbemite.     Cleavage :  basal  eminent,  as  in  torbemite. 

H.=:  2-2-5.  6.=3"06-3-19.  Lustre  of  (?  pearly;  elsewhere  subadamau- 
tine.  Color  citnm-  to  sulphur-yellow.  Streak  yellowish.  Translucent 
Optically  biaxial,  DesCl. 

Oomp.— Q.  ratio  for  B  :  U  :  P  :  H=l :  6  :  6  :  10.  Formula  GaU,PsOii  +  lOaq,  which  may 
be  written  2(UOs)sP9O»4-CasP«O»+30aq.  The  formula  requires :  Phosphorus  pentoxide  14*9, 
uranium  triozide  (UOs)  60*4,  lime  5*0,  water  18-8=100. 

PjTT-)  etc. — Same  as  for  torbemite,  but  no  reaction  for  copper. 

Oba.— OocuTB  at  Johanng^iigfenstadt ;  at  Lake  Onega,  Wolf  Idand)  Bnssia;  near  Limoges; 
near  Autun ;  formerly  at  ^uth  Basset,  ^i^eal  Edwards,  and  near  St.  Day,  England.  Ooouzi 
sparingly  at  Middletown,  Ct. ;  also  in  minute  crystals  at  Chesterfield,  Mass. ;  at  Acworth, 
N.  H. 

TBdOERrrR. — Oomposition  UsAssOm  -h  12aq=(UO9)sAssO0  +  12aq.  This  requires :  Arsenio 
pentoxide  17*6,  uranium  trioxide  65*9,  water  16*5=100.  Konoclinio.  Li  thin  tabular  crys- 
tals of  a  lemon-yeUow  color.     Schneeber^^,  Saxony. 

Walpuboitk.— Composition  BiioU,As40MH-12aq=(UO«)sAssO»+2BiA804+8H3BiOs.  This 
requires :  Arsenic  pentoxide  11-9,  bismuth  oxide  00*0,  uranium  trioxide  22 '4,  water  5 '7=100. 
Monodinia    In  thin  scaly  crystals.     Color  wax-yeUow.     Schneeberg,  Saxony. 

UiiAHOSPiNrrB. — An  arsenic  autunite.  Composition  CaUiAsiOit  +  8aq=2(UOi)«AsaO«  + 
CatAsiO«+24aq= Arsenio  pentoxide  22*9,  uranium  trioxide  57*2,  lime  5*6,  water  14*8=100. 
Color  green.  Schneeberg,  Saxony.  URANOSPOiEBrrB.  Color  yellow.  Analysis,  ll^nkler : 
U  O,  50*88,  Bi,0,  44*34,  H,0  4*75.     Schneeberg. 

Zeunerite. — According  to  Winkler,  an  arsenic  chalcolite,  with  which  it  is  isomorphoua. 
Composition  CuUiAs90is+8aq=2(TJ08)sAsaO»+CusAs90s+24aq=Arsenio  pentoxide  22*8, 
uranium  trioxide  66*0,  copper  oxide  7*7,  water  14*0=100.  Color  bright  green.  Schneeberg, 
Zinnwald,  Saxony;  Comwidl. 

PimorrB. — Lx>n-8inter.  Composition  uncertain,  containg  AsaO»,  FeOs,  SOs,  HtO.  I>IA« 
IK>0HITS  is  similar,  but  contains  PsO»  instead  of  AssO«. 


Hydbous    Aktdcokates. 


BrNDHEDOTE  (Bleini^re). — Amorphous,  reniform,  or  spheroidal ;  also  earthy  or  inorosting. 
n.=4.  G.  =4-60-4*76.  Color  white ,  gray,  brownish,  yellowish.  Composition  uncertain; 
analysis  by  Hermann  :  SbaO»  81*71,  PbO  61*88,  HaO  6  46=100.  Results  from  the  decompo- 
sition of  other  antimonial  orea.  From  Nerteohinsk  in  Siberia ;  Horhansen ;  near  KndftUkw 
in  Cornwall,  with  jamesonite,  from  which  it  is  derived. 


Nitrates. 

The  nitrates  are  all  soluble,  and  hence  are  rarely  met  with  in  nature.     They  in<  lude : 

Nitre,  potassium  nitrate  (KNOa).  Found  generally  in  crusts  on  the  surface  of  the  soil,  oa 
walls,  rocks,  eta     Also  found  in  numerous  caves  in  the  MissiBsippi  Valley. 

Soda  Nftre,  sodium  nitrate  (NaNOa).     Tarapaca,  Chili. 

Nitrocalcite.  caldum  nitrate  (CaNiO«).  Occurs  in  silky  efflorescences  in  limewtonf 
oavems. 

NiTROBiAGKESiTB,  magueslum  nitrate  (llgNiOc).  From  limestone  cavesk  NrrBO* 
OLAUBBRiT  B,  nitro-flulphi^  of  aodiam.    Desert  of  Atacama,  ChiU. 
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4.  BORATES. 


SASSOUTS. 


Triclinic.  /Ai^  =r  118°  30',  Oa/=95°3',  (9  A /' =  80°  j,r ,  ii  &  Jt 
Twins:  composition-face  O.  Cleavage:  basal  very  perfect  LboaJly  in 
Bioall  scales,  apparently  six-sided  tables,  and  also  in  stalactitl's  forins,  com* 
posed  of  small  scales. 

H.=l.  G.=l*48.  Lustre  pearly.  Color  white,  except  when  tinged 
yellow  by  sulphur;  sometimes  gray.  Feel  smooth  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 

Oomp.— HcBaOc=Boro]i  trioxide  (BaC)  56*46,  water  48*54=100.  The  ^.atiye  stalactdtio 
Bait  contains,  meohanioaUy  mixed,  yarious  imparities,  as  sulphate  of  magi^usium  and  iron, 
solphate  of  caloiam,  silica,  etc. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  on  platinum  wire  fuses  to  a  dear  glass 
and  tinges  the  flame  yeUowish-green.     Soluble  in  water  and  alcohol. 

Obs. — Fiist  detected  in  nature  by  Hofer  in  the  waters  of  the  Tuscan  lagoons  of  Honte 
Botondo  and  Castelnuovo,  and  afterward  in  the  solid  state  at  Sasso  bj  Mascagni.  The  hot 
yapors  of  the  lagoons  consist  largely  of  it.  Exists  also  in  other  natural  waters,  as  at  Wies- 
baden; Aachen;  Krankenheil  near  Fdlz ;  Clear  Lake  in  Lake  Co.,  California;  and  it  hai 
been  detected  in  the  waters  of  the  ocean.  Occurs  also  abimdantly  in  the  crater  of  Volcano, 
one  of  the  lapari  islands,  forming  a  layer  on  sulphur  and  about  the  fumaroles,  where  it 
diiooYexed  by  Dr.  Holland  in  1813. 


BUSSEZTTE  {BnUky 


In  fibrous  seams  or  veins. 

H.=3.     G.=3*4:2.     Lustre  silky  to  pearly.     Color  white,  with  a  tinge  of 
pink  or  yellow.     Translucent. 

Oomp. — BjBvOt+aq,  with  R=Mn  :  Mg=4  :  3=Boron  trioxide  34*3,  manganese  protoxide 
19*9.  magnesia  16*9,  water  8*9=100. 

Pyr.,  etc. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric  paper 
A  moistened  with  this  water  and  then  with  dilute  hydrochloric  acid  it  assumes  a  red  color 
(boron).  Funes  in  the  flame  of  a  candle,  and  B.B.  in  O.F.  yields  a  black  ciystalline  mass 
coloring  the  flame  intensely  yellowish-green.  Beacts  for  manganese  with  the  fluxes.  Soluble 
in  hydrochloric  acid. 

Obs. — Found  on  Mine  Hill,  Franklin  Furnace,  Sussex  Co. ,  N.  J. ;  associated  with  franklin- 
ite.  zincite,  willemite,  and  other  manganese  and  zinc  minerals. 

SZAIBGLYITB. — A  hydrous  magnesium  borate,  MgaB^d  i  +3aq  (or  faq).  Occurs  in  aoionlat 
crystals.     Color  white.     Hungary. 

LUDWIGITE  (r^cA^n/ioA;). — Finely  fibrous  masses.    H.  =5.    G.  =3*907-4 '016.     Color  blade 
ish-green  to  black.     Composition  R4FeBaOio,  with  R=Fe  :  Mg=l  :  5,  or  1  :  8.     For  thi 
latter  the  formula  requiras  :  Boron  trioxide  16*6,  iron  sesquioxide  37*9,  iron  protoxide  17*1, 
magnesia  28  '4.    Occurs  in  a  crystalline  limestone  with  magnetite  at  Mora^^icza  in  the  Banat. 
also  altered  to  limonite. 
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BORAOITB.* 


Isometric;  letrahedral.     Cleavage:  octahedral,  in  traces.     Cubic  facet 
Aometimes  striated  parallel  to  alternate  pail's  of  edges,  as  in  pvrite. 

II.  ==7,  in  crystals;  4*5,  massive.  G.= 2*974,  Haidinger/  Lusti*e  vitre- 
ous, inclining  to  adamantine.  Color  white,  inclining 
to  gray,  yellow,  and  green.  Streak  white.  Snb- 
transparent — ti-anslucent.  Fracture  conchoidal,  un- 
even. Pyroelectric,  and  polar  along  the  four  octa- 
hedral axes. 
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Comp.— MgiBieCl^Oso  =  2HgaBsOi»+Hg01s  =  Boron  trioxide 
02  67,  magnesia  31  -28,  chlorine  7-98=101  -78. 

Pyr.,  etc. — The  massive  yariety  gives  water  in  the  dosed  tnbe. 
B.B.  both  varieties  fuse  at  2  with  intumescence  to  a  white  ct7S- 
talline  pearl,  coloring  the  flame  green;  heated  after  moistening 

with  cobalt  eolation  assomes  a  deep  pinJc  color.  Mixed  with  copper  oxide  and  heated  on  char* 
coal  colors  the  flame  deep  azure-blue  (copper  chloride).  Soluble  in  hydrochloric  acid.  Alten 
very  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes  up  water. 

Obs. — Observed  in  beds  of  anhydrite,  gypsum,  or  salt.  In  crystals  at  Ealkberg  and  Sdfaild- 
ttein  in  Liineberg,  Hanover ;  at  Segeberg.  near  Kiel,  in  Holstein  ;  at  Luneville,  La  Meortiie, 
France  ;  massive  and  dystallized  at  Sta^furt,  Prussia. 


BORAX.    Tinkol  of  India, 

Monoclinic.  (7=  73°  25',  /A  /=  87°,  O  A  2-1  =  132°  49' ;  c  :  J  :  a  = 
04906  :  09095  :  1.     Cleavage:  i-i  perfect;  /less  so;  i-i  in  tmces. 

H.=2-2-5.  G.=l*716.  Lustre  vitreous — resinous;  sometimes  earthy. 
Color  white;  sometimes  grayish,  bluish,  or  greenish.  Streak  white. 
Translucent — opaque.  Fracture  conchoidal.  Rather  brittle.  Taste  sweet- 
ish-alkaline, feeble. 

Oomp.— Na3B4O,  +  10aq=:2(NaBO,+HBO3)+0aq=Boron  trioxide  36  6.  soda  16*2,  watez 

Pyr.,  etc. — B.B.  puib  up,  and  afterwards  fuses  to  a  transparent  globule,  caUed  the  glass  of 
borax.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  Boiling  water  dissolves  double 
its  weight  of  this  salt. 

Obs. — Borax  was  originally  brought  from  a  salt  lake  in  Thibst.  It  is  announced  by  Dr.  J. 
A.  Veatch  as  existing  in  the  waters  of  the  sea  along  the  California  coast,  and  in  those  of 
many  of  the  mineral  springs  of  California.  Occurs  in  the  mud  of  Borax  Lake,  near  Clear 
Lake,  CaL  Also  found  in  Peru ;  at  Halbexstadt  in  Transylvania ;  in  Ceylon.  It  occurs  in 
solution  in  the  mineral  springs  of  Chsmbly,  St.  Ooxs,  etc., Canada  East.  The  waters  of  Borax 
Lake,  California,  contain,  according  to  G.  £.  Moore,  535 '08  grains  of  crystallised  borax  to  tb« 
goUon. 

* 

ULBXTTB.    Boronatrooaloite.    Natronborocaldte. 

In  iX)Uiidod  masses,  loose  in  texture,  consisting  of  fine  fibres,  wliich  are 
acicular  or  capillary  crystals. 

II.=1.  G.=l-65,  N.  Scotia,  How,  Lustre  silky  within.  Color  whit& 
Tasteless. 

Oomp.— NaCaB»0»+5aq=Boron  trioxide  49*7,  lime  15-9,  soda  8*8,  water  25'6=100. 
Pyr.,  etc. — Yields  water.     B.B.  faaet  at  1  with  intamesotnoe  to  a  deaz  bkbby  glass,  ootor 
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\ng  the  flame  deep  yellow.    MoiBtened  with  Bolphario  add  the  color  of  the  flane  is  moment 
nnij  changed  to  deep  green.    Not  solcble  in  cold  water,  and  bat  little  so  in  hot ;  the  solatlai 
alkaline  in  its  reactions. 

Oba.— OocoTB  in  the  dry  plains  of  Iqaiqne,  Southern  Pern :  in  the  proyince  of  Tarapaoa 
(where  it  is  called  ttea),  in  whitish  rounded  masses,  from  a  hazelnut  to  a  potato  in  size,  whiob 
consist  of  interwoven  fibres  of  the  ulexite,  with  pickeringite,  glauberite,  halite,  gypsum,  and 
other  imparities;  on  the  West  Africa  coast;  in  Nova  Scotia,  at  Windsor,  Brookville,  and 
Newport  (H.  How),  filling  narrow  cavities,  or  constituting  distinct  uotIuIps  or  mammillatcd 
masses  imbedded  in  white  gypsum,  and  associnted  at  Windsor  with  glauber  salt,  the  lustre 
internally  silky  and  the  color  very  white  ;  in  Nevada,  in  the  salt  marRh  of  the  Columbus 
Mining  District,  forming  layers  2-d  in.  thick  alternating  with  layers  of  salt,  and  in  balls  8—4 
ixL  through  in  the  salt. 

BBdHLiTB.  (Borooalcite). — An  incrustation  at  the  Tuscany  lagoons.  Composition  CaBiOi 
•f  4aq.  Also  sixnilar  from  South  America.  Larderrllite,  Lagonitb,  rare  borates  from  the 
Tuscan  lagoonsL 

Pricsitb  (/fitSMium).-— Compact,  chalky.  Color  milk-white.  Composition  Ca3B»Oi»+8aq. 
This  requires :  Boron  trioxide  49  '8,  lime  29  -9,  water  20  8  =  100.  Occurs  in  layers  between  a  bed 
of  slate  above  and  one  of  steatite  below.     Near  Chetko,  Curry  Co.,  Oregon. 

HowLiTB,  SUkoboroeaieite, — A  hydrous  calcium  borate  (l^e  bechiUte),  with  one-sixth  of 
a  silicate  analogous  to  danburite.  Near  Brookville,  and  elsewhere  in  Hants  Co.,  Nova  Scotia, 
in  nodules  imbedded  in  anhydrite  or  gypsum  ;  these  nodules  sometimes  made  up  of  pearly 
crystalline  scales.  WiNKWOBTniTS.  In  imbedded  crystalline  nodides  from  Winkwortb,  N.S. 
In  composition  between  selenite  and  howlite ;  a  mixture  (?). 

Cbtptomorphitb. — Near  ulexite  in  composition.  In  oiiorosoopio  rhombic  tablea  Nova 
Scotia. 

LOnbbuboitb. — A  phoepho-borate  of  magnesium.  Flattened  masses  in  gypsiferoos  mad 
at  Lfineburg. 


WARWIOKITB. 

Monoclinic.  /A/ =91®  20',  DesCl.  Usual  in  rhombic  prisms  with 
obtuse  edges  truncated,  and  the  acute  bevelled,  summits  generallj  rounded ; 
surfaces  of  larger  crystals  not  polished.  Cleavage :  macrodiagonal  per- 
fect, affording  a  surface  with  vertical  striee  and  tmces  of  oblique  croM 
cleavage. 

H.=3-4.  G.=3'19-3*43.  Lustre  of  cleavage  surface  submetallic-pearly 
to  Bubvitreous ;  often  neai'ly  dull.  Color  dark  hair-brown  to  dull  olaok, 
sometimes  a  copper-red  tinge  on  cleavage  surface.  Streak  bluish-black. 
Fracture  uneven.     Brittle. 

Oomp. — ^EssentiaUy  a  borotitanate  of  magnesium  and  iron.  Analysis,  Smith,  BaOg  27*80, 
TiOt  28-82,  FeO,  702,  MgO  86*80,  SiO,  1-00,  MOn  2-21=08*65. 

Pvr.,  etc.— Yields  water.  B.B.  infusible,  but  becomes  lighter  in  water ;  moistened  with 
sulphuric  acid  giyes  a  pale  green  color  to  the  flame.  With  saJt  of  phosphorus  in  O.F.  a  deai 
beiMd,  yellow  while  hot  and  colorless  on  cooling;  in  B.F.  on  charcoal  with  tin  a  violet  color 
(titanium).  With  soda  a  slight  manganese  reaction.  Decomposed  by  sulphuric  add ;  tiia 
product,  treated  with  alcohol  and  ignited,  gives  a  green  flame,  and  boiled  with  hydrochlorio 
acid  and  metalUo  tin  gives  on  evaporation  a  violet-colored  solution. 

Obs. — Oooors  in  granular  limestone  2^  m.  S.  W.  of  Edenville,  N.  Y.,  with  spinel,  cKondio- 
diie,  serpentiBe,  eto.  Crystals  usually  small  and  slender;  sometimes  ovet  2  in.  long  a^  {  in. 
Hoad. 


oxTorat  ooKPCvcase — rnvoBUTBs.  koltbdatxs.  sto. 


5.  TITNGSTATES.   MOLTBDATES,  OHEOMATES. 
WOLFRAMITB. 

Monoclinic.  C  =  89°  22',  7a  /  =  100"  3T',  t-t  A— i-i  =:  118°  6',  £■»  A  +  ^-i 
:=  117°6',  l-lAl-l  =  98°  6',  DeeCloizeaiix.  Cleavage:  t4  perfect,  •-* 
imperfect.  Twins:  planes  of  twinning  i-i  (f.  692),  fi,  and  rarely  ^ 
Also  irregular  lamellar;  coarse  divergent  columnar;  maeaive  granular,  tb* 
particles  strongl;  coherent. 


,<a\ 


VeV 


fl.=5-5'5,  G.=7*l-"'55,  Lustre  enbrnetalHc.  CJolor  dark  grayish  or 
brownish-black.  Strenk  dark  reddish-brown  to  black.  Opaque.  Sometimes 
weak  magnetic. 

V«T. — Tbe  moat  Important  vuiedea  depend  on  the  proportiooB  of  the  Iron  ind  manganeM, 
Those  Tloh  in  m&Dguieae  h&Te  O.=?'10-T-54,  but  genenllf  below  TlUS,  and  the  itrmk  il 
iDonirblMk.  Thoee  rich  in  limi  hnTe  C).  =  T-a-7'IM,  and  «  duk  nddiah-biown  nreak,  and 
ther  are  aOTnettmea  feeb1j>  attractable  hy  the  magnet. 

Oomp.— (Fs,Un)WO„  Fe  :  Mn=3  :  S,  mortlj;  also  4  :  1  and  3  :  1,  8  :  1,  S  :  1,  eta.  Tha 
Tiktio  2  :  8  correspoQila  to :  TnngatKni  tiiozide  ?S'17,  iron  ptoh>sidB&'40,  mangansBci  prtTtnlde 
14-04=100. 

Pyr.,  oto. — B.B.  fiuea  eaElljr  (F.=S'5-8)  to  a  flobule,  which  hu  a  crjatalUne  atirfaoe  and 
is  ma^etlo.  With  talt  of  phoaphoms  girea  a  olsai  reddlah-jellow  glaa  while  hot,  which  ii 
DBiler  on  cooling;  in  B.F.  beoomes  dark  rod;  lai  oharooal  with  tin,  U  not  too  Batniated.  th« 
bead  asniDei  on  cooling  a  green  ocdor,  wUab  oontbinad  tnatment  in  B.F.  ohangei  to  reddiab 
fellow.  With  soda  and  nilaa  on  plattainm  foil  toMi  to  a  btniili-grean  manmoate.  Decom- 
posed hj  aqna  regia  witb  aepaiattim  <rf  tBagMaa  Uoxlda  aaayallowpoiran,  wUdi  whan 
treated  B.B.  reacts  as  under  tungstlte  (p.  !84).  Wolfram  la  ■uAcientlTdeoompoied  bf  oon* 
centrat«d  sulphuric  acid,  or  even  hydrochloric  acid,  to  givt  a  colorlem  solutioD,  wbichf 
treated  with  metallic  unc,  becomes  intenselj  bine,  but  loon  bleaches  on  dilation. 

bismuth, 


Diflf.— Characteriiod  br  it»  high  spieciflo  gravity  and  pyrognoBtica. 

Oba. — Wolfram  ia  often  associated  with  tin  oree ;  bIbo  in  quartx,  with  native 


i  and  In  trachyte,  i 

'jiedersdoiij  uuu 

Bcbinalf  ;  at  Chanteloup,  n«ar  Limogea,  and  at  Meymas,  CorT^xe,  in  France  ;  nau  fiedrutii 
and  eltewhere  in  Cornwall  j  in  Cuinberland.    Alao  In  S.  America,  at  Omro  in  Bolivia, 

In  the  U.  StatcB,  occurs  at  Lane'a  mine,  Monroe,  Conn.  |  at  Tmmbnll,  Conn. ;  on  Camdags 
farm,  near  Blue  HiU  Bay,  He.;  at  the  Flowe  mine,  Mecklenburg  Co.,  K.  C;  In  MimouH, 
near  Mine  la  Motte,  and  in  St.  Franela  Co.  i  at  Mammoth  mining  dlatrict,  Nevada. 

Ht)B!(sarrB.*— A  manganese  wolframite,  UnWO,  =  Tungsten  trioxids  76  0,  manganws 
protoxide  28-1  =  100.    Mammoth  dist,  Nevada. 

Mbouauii,— A  mingsntw  tungitMa,  with  « litUa  iron.    SoUMkeawaUL 
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Tetragonal ;  hemiliedral.     O  A  1-i  =  123°  3' ;  c  =  1-5369.    Cleayago :  1 

most  distinct,  1-i  interrupted,    O  traces.      Twins: 
W4  twinning-plane  /;  also  i-i.     Crystals  usually  octahe- 

dral in  form.     Also  reniform  with  columnar  struc- 
ture ;  and  massive  granular. 

II.=4-5-6.  G.=5*9-6'076.  Lusti-e  vitreous,  in- 
clining to  adamantine.  Color  white,  yellowish-white, 
pale  yellow,  brownish,  greenish,  reddish;  sometime? 
almost  orange-yellow.  Streak  white.  Transparent 
— translucent.     Fracture  uneven.     Brittle. 


Sohlaokenwald. 


Ooinp.—CaW04= Tungsten  trioxlde  80*6,  lime  19-4=100.  A 
variety  from  Coquimbo,  ChiU,  contained  6*2  p.  c.  vanadinm  pent- 
oxide  ;  another  from  Traversella  contained  didymium. 

P5rr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent 
glass.     Soluble  with  borax  to  a  transparent  glass,  which  after- 
ward becomes  opaque  and  crystaUine.     With  salt  of  phosphonu 
forms  a  glass,  colorless  in  outer  flame,  in  inner  green  when  hot 
and  fine  blue  cold ;  varieties  containing  iron  require  to  be  treated 
on  charcoal  with  tin  before  the  blue  color  appears.     In  hydro 
ohioric  or  nitric  add  decomposed,  leaving  a  yellow  powder  soluble  in  ammonia. 
TM, — Remarkable  among  non-metallic  minerals  for  its  high  specific  gravity. 
Obfi. — Usually  associated  with  crystalline  rocks,  and  commonly  found  in  connection  with 
tin  ore,  topac,  fluorite,  apatite,  molybdenite,  wolframite,  in  quartz.     Occurs  at  Schlacken- 
wald  and  Zinnwald  in  Bohemia;  in  the  Riesengebirge ;  at  Galdbeck  FeU,  near>Keswick; 
Nendorf  in  the  Harz ;  Ehrenfriedersdorf ;  Posing  in  Hungary ;  Traversella  in  Piedmont,  eta 
Llamuco,  near  Chuapa  in  ChUi.     In  the  IT.  S.,  at  Lane's  mine,  Monroe,  and  Huntington, 
Conn. ;  at  Chesterfield,  Mass. ;  in  the  Mammoth  mining  district,  Nevada ;  at  Bangle  mine,  is 
Cabazras  Co.,  N.  C. ;  and  Flowe  mine.  Mecklenburg  Co. 

CUFROSCnEELiTE. — A  scheellte  containing  about  6  p.  c  copper  oxide.     Color  bright  green. 
La  Paz,  Lower  California.     Llamaco,  near  Santiago,  Chili. 

CUPBOTUNGBTITB. — A  oopper  tungstate,  CuaWOs-faq.      Amorphous.      Color  yellowish- 
green.     With  ouproscheelite  at  the  copper  mines  of  Llamuco,  Chili. 

8TOLZiTE.—PbW04= Tungsten  trioxide  51,  lead  oxide  49=100.     Tetragonal.     Zinnwald  ; 
Bleibezg;  Coquimbo,  Chili. 


WULFSNTTE.*  Oelbbleien,  Oerm, 

Tetragonal.    Sometimes  hemihedral.     O  A 1-1=  123°   26';    (5  =  1-574. 
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Prtibram.  Phenixrille. 

In  modified  square  tables  and  sometimes  very  thin  octahedrons.    Cleavage  * 
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1  very  smootli ;  O  and  i  much  less  distinct  Also  graiiularlj  maasive, 
(x)aree  or  fiue,  fii'inly  coliesive.  Often  heinihodral  in  tJie  octi^nal  prisma, 
producing  thus  tables  like  i.  696,  and  octahedral  furms  having  the  prisma- 
tic  planes  siintlai-Iy  oblique, 

1I.=2-7j-3.  G.=6'03-701.  Lustre  reeinona  or  adamantine.  Color 
wax- yellow,  passing  into  omnge-yellow;  also  siskin-  and  olive-gi-een,  yel- 
I'lwis^i-gray,  grayish-white,  bi-owu;  also  oi-ango  to  briglit  red.  Streak 
white.    Snbtrjinsuarunt — snbtranslnccnt    Fracture  BHbcimchiiidal.    Brittle. 


Var,— 1  OrUiniirg.  Color  jelloir.  2.  VaTuidtfennu.  Color  onuigc  to  bright  ted,  ayae^ 
ooonrrlug  at  Phenizville,  P&. 

Comp.— PbMoO,  =  .Molybdenum  trioxide  885,  lead  oxide  61-5=  100.  Some  varieties 
coiit^iiii  chroniiutn. 

Pyr.,  etc — B.B.  decrepitatei  and  taau  below  Sj  wiUiboTkxlnO.F.  giveaa  oolorlui  gJ^B, 
ia  B.F.  iC  bxcoiiiea  opaque  black  oi  dirty  gmn  with  bUch  flocka.  With  salt  of  phoaphozoa 
in  O.F.  givea  n.  yellowish-green  g!as«,  whiiih  in  E.F.  becomes  dark  green.  With  soda  on  ohar- 
coal  fields  metalhc  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the 
CormiLtion  nf  lead  chloride  and  inalybdic  oxide  ;  on  Dioiateuing  the  residue  with  water  and 
adding-  metaUio  zinc,  it  gives  an  intenue  blae  color,  which  does  not  fade  on  dilution  of  the 

Obs. — This  Bpeclea  occurs  in  veins  with  other  ores  ot  lead.  Pound  at  Bleibeic,  etc.,  in 
Cariothia  ;  at  Retzbauya  ;  at  Przibrom  ;  Schneeberg  and  Johaongeoigenstodt ;  at  Moldava; 
in  the  EirghiB  Steppes  in  BussI^  ;  at  liuclenweiler  in  Baden  ;  in  the  gold  aunda  of  Bio  Chioo 
in  AnCioquia,  Columbia,  3.  A. ;  Wheatley's  mine,  near  Pheniiville.  Pil:  at  the  Comstocklode 
in  Nevada.  In  fine  specimens  from  the  Empire  mine,  Lacin  District,  lioi  Elder  County, 
Utah  ;  at  Empire  mine,  Inyo  Co.,  Cal.  ;  in  the  Weaver  diat,,  Arizoun. 

EoaiTB  (iWira'//;,— In  minute  tetragonal  octahedrons.  Color  deep -red.  Probably  avana- 
dio-molybdat«  of  lead.     Leodhillit,  Scotland. 

AcauEUATiTB.— An  aTsenio-mol^bdato  of  lead,  Analyua,  As^O.  18  25,  HoO.  9-01,  CI 
215.  Pb  6-28,  PbO  tl8'Sl  =  100'00.  Compact;  straotnre  indistinctly  orystalline.  H.=8-i. 
O.  =5-905,  6*173  (powder).  Color  live[-btom.t»iialtioent;  in  minnte  pains  traoapannt  and 
color  yellow.  Brittle.  Guanaccr^,  State  of  Chihuahua,  Mexico.  (Mallei,  J,  Ch.  Soc,,  xiii., 
1141,  >iew  Series.) 


OROOOr^.    Oroo^Bite.    Bothbleleis,  (/arm. 


M.Hioclinic.     0'=  77°  27', /a/ =  93"  42',  OaI-z 
=  0-95507  :  1-0414  :  1,  Dauber.     Cleavage  :  /toler- 
ably distinct ;   0  and  i-i  less  so.     Surface  /streaked 
lougitndinally ;  the  faces  inostly  smooth  and  shin- 
iiifr-     Also  imperfectly  coluiniiar  and  granular. 

ir.=2-5-3.  G,=5-9-6-l.  Lustre  adamantine- 
vitreous.  Color  varions  shades  (»f  bright  byacinth- 
red.     Streak  orange-yellow.     Tranalncent.     Sectile. 

Comp. — PbCrOi  =  Lead  oxide  69'0,  chromiom  triocde  31*0= 

too. 

Pyr.,  olc In  the  closed  tube  decrepitates,  blackens,  bat  re- 

jovers  its  original  color  on  cooling.  B.B.  fiuea  at  15,  and  on 
■borcoal  ia  reduced  to  melallio  lead  with  dettogration,  leaving  a 
residue  of  chromic  oxide,  and  giving  a  lead  uoating.  With  salt 
of  phosphorusgiveaanamerald-gieenbead  in  both  Hames.  f^ised 
with  potassium  bisulphate  in  the  platinum  spoon  forms  a,  dork 
violet  mass,  which  on  solidifyiiig  becomes  reddish,  and  when 
uold  greenish  white,  thus  differing  A^>in  vanadinlte,  which  on  simi 
r^ow  aum  lPlattner>. 
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Obt— Fizit  found  at  Bereeof  m  Siberia ;  at  MoxBiiiBk  and  near  Niachne  TagildK  fft  tki 
CTnl ;  In  Bxasil;  at  Betabanya;  Moldawa;  on  Lnzon,  one  of  the  Pbilippinea. 


PHGBNIOOOHROrm.    Melanochioite. 

Orthorhombic  {Vi,  Crystals  usually  tabular,  and  reticularly  interwoven. 
Oleavage  in  one  direction  perfect    Also  massive. 

H.=3-3'5.  G.=5"75.  Lustre  resinous  or  adamantine,  glimmering. 
Ciolor  between  cochineal-  and  hyacinth-red;  becomes  lemon-yellow  on 
exposure.     Streak  brick-red.     Subtranslncent — opaque. 

Oomp.— PbsOr,0»=2PbGr04+PbO=Ghrominm  trioxide  28*0,  lead  oxide  77*0=100. 

Pyr.,  etc. — B.B.  on  charcoal  fuses  readily  to  a  dark  mass,  which  is  crystalline  when  cold. 
In  B.F.  on  charcoal  g^yes  a  coating  of  lewd  oxide,  with  globules  of  lead  and  a  reddne  ol 
chiomio  oxide.    Giyes  the  reaction  of  ohrome  with  flnxes» 

Oba. — Occurs  in  limestone  at  Beresof  in  the  Ural,  with  crocoite,  yauquelinite,  pyromorphite, 
•ndgalenite. 


VAUQITBIiINITII. 

Monoclinic.  Crystals  usually  minute,  irregularly  aggregated.  Also 
reniform  or  botryoidal,  and  granular ;  amorphous. 

EI.=2-6-3.  G.=5'5-5-78.  Lustre  adamantine  to  resinous,  often  faint. 
Color  green  to  brown,  apple-green,  siskin-green,  olive-green,  ochre-brown, 
liver-brown ;  sometimespearly  black.  Streak  greenish  or  brownish.  Faintly 
translucent— opaque.     Fracture  uneven.     Rather  brittle. 

Oomp«— PbsGnCr20»=2BCr04+ItO.  B=Pb  :  Cu=2  :  1.  The  formula  requires:  Ghro- 
minm  trioxide  27*6,  lead  oxide  61  o,  copper  oxide  10*9=100. 

Pyr.,  etc. — B.B.  on  charcoal  slightly  intumesces  and  fuses  to  a  gray  submetallio  globule, 
yielding  at  the  same  time  small  globules  of  metal.  With  borax  or  salt  of  phosphorus  affords 
a  green  transparent  glass  in  the  outer  flame,  which  in  the  inner  after  coolmg  is  red  to  black, 
according  to  the  amount  of  mineral  in  the  assay ;  the  red  color  is  more  distinct  ¥rith  tin. 
Partly  soluble  in  nitric  add. 

Obs. — Occurs  with  crocoite  at  Beresof  in  Siberia,  generaUy  in  mammillated  or  amorphous 
masses,  or  thin  crusts  ;  aJso  at  Pont  Gibaud  in  the  Puy  de  Dome ;  and  with  the  crocoite  of 
BrasU.  In  the  U.  States  it  has  been  found  at  the  lead  mine  near  Sing  Sing,  in  green  and 
brownish -green  mammiUary  conoretioDS,  and  also  nearly  pulyerulent ;  and  at  the  Pequa  lead 
mine  in  Lancaster  Co.,  Pa.,  in  minute  crystals  and  radiated  aggregations  on  qua^its  anc 
galenite,  of  a  siskin-  to  apple-green  color,  with  oemssite. 

Lazmakkitb  {p^oipMlrmlUU),—^mx  ▼anqimKnitey  bat  held  to  be  a  ptoepho-cbiooMte 


oarroxN  oompoundb. — sulpha  kbb. 
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6.  SULPHATES. 


Anhtdboub  Sulphates. 


Barite  Orovp. 

BARTTB.    Bazytea.    Heavy  Spac.    Sohwezspath,  ^rerm, 

Orthorhombic-     /A  /=  101^  40',  (?  A  1-i  =  121^  50' ;  ^ :  ^ :  d  =  1 61(W 


700 


701 


^1 


^^^    :. 


Gheahire. 


•2276  : 1.  <?  A 1  =  115^  42' ;  ^4  A  ft,  top,  =- 
102^  17' ;  l-«  A  1-i,  top,  =  74**  86.  Crystals  usp. 
ally  tabular,  as  in  figures;  sometimes  prismatic 
in  the  direction  of  the  different  axes.  Cleavage : 
basal  rather  perfect ;  /somewhat  less  so ;  i-l  imperfect.  Also  in  globular 
forms,  fibrous  or  lamellar,  crested  ;  coarsely  laminated,  laminsB  convergent 
and  of  ten  curved ;  also  granular ;  colors  sometimes  banded,  as  in  stalagmite. 
H.=2'5-3'5.  G.=4'3-4'72.  Lustre  vitreous,  inclining  to  resinous; 
BMuetimes  pearly.  Streak  white.  Color  white;  also  inclining  to  yellow, 
gf-ay,  blue,  red,  or  brown,  dark  brown.  Transparent  to  translucent — opaque. 
Sometimes  fetid,  when  rubbed.     Optic-axial  plane  brachydiagonal. 

Oomp. — ^BaS04=Siilphar  triozide  84  "S,  baiyta  05*7=100.  Stnmtiam  and  aometimea  oal- 
eiam  replace  part  of  the  barimn ;  alao  allioa,  clay,  bitominoaa  or  carbonaoeona  sabataacea 
are  often  present  as  impnritiea. 

Pyr.,  eta — B.B.  deorepitatea  and  foaea  at  3,  ooloring  the  flame  yeUowish-green ;  the  fused 
maaa  reacts  alkaline  with  teat  paper.  On  charcoal  rednoed  to  a  solphide.  With  aoda  givet 
at  first  a  clear  pearl,  bat  on  continued  blowing  yields  a  hepatic  mass,  which  apreada  out  and 
soaks  into  the  coaL  If  a  portion  of  this  masa  be  removed,  placed  on  a  clean  sUver  surface, 
and  moistened,  it  gives  a  black  spot  of  sUver  sulphide.  Should  the  barite  contain  calcium 
sulphate,  this  wiU  not  be  abaorbed  by  the  coal  when  treated  in  powder  with  soda.  Inaolnble 
in  acids. 

Diff. — Distinguishing  oharaotera:  high  specific  gravity,  higher  than  oelestite  or  aragonite ; 
deavage ;  insolubility ;  green  coloration  of  the  blowpipe  flame. 

Obs. — Occurs  commonly  in  connection  with  beds  or  veins  of  metallic  ores,  as  part  of  th* 
gangue  of  the  ore.  It  ia  met  with  in  secondary  limestone,  sometimea  forming  distinot  veina, 
and  often  in  oxystala  along  with  oaloite  and  oelestite.    At  Dnftom,  in  Weatmoreland.  Eng 
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land ;  la  Cornwall,  near  Llskeard,  etc.,  in  Cumberland  and  Lancaahire,  in  Derbyshire,  Staf 
fordcuiiie,  etc.;  in  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  most  important 
European  localities  are  at  Felsobanya  and  Kremnitz,  at  Freiberg,  Blarienl^rg,  Clausthal, 
Przibram.  and  at  Boya  and  Boure  in  Auvergne. 

In  the  U.  S.,  in  Conn.,  at  Cheshire.  In  JV.  York,  at  Pillar  Point;  at  Scoharie  ;  in  St. 
Lawrence  Co.;  at  Fowler;  at  Hammond  In  Virginia,  at  Eldridge's  gold  mine  in  Buckingharo 
Co.;  near  Lexington,  in  Ilockbridge  Co.;  Fauquier  Co.  In  Kentucky^  near  Paris  ;  iu  the  W. 
end  of  L  Boyale,  L.  Superior,  and  on  Spar  Id. ,  N.  shore.  In  Canada^  at  Landsdown.  In 
fine  crystals  near  Fort  Wallace,  New  Mexico. 

The  white  varieties  of  barite  are  ground  up  and  employed  as  a  white  paint,  either  alone  ox 
mixed  with  white  lead. 


OELESTTTB. 


Orthorhorabic.  /A  7=104°  2'  (103°  30'-104°  SC),  (9  A  It  =  121** 
19i' ',  6\l\d=  1-6432  :  1-2807  :  1.  (9  A 1  =  115°  38',  (9  A  l-i  =  127°  56', 
1  A 1,  mac,  =  112°  35',  1  A 1,  bi-ach.,  =  89°  26'.  Cleavage :  0  perfect ; 
/distinct;  i-i  less  distinct.  Also  iibrous  and  radiated;  sometimes  globu- 
lar; occasionally  granular. 


708 
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L.  Erie. 


H.  =3-3*5.      G.=:3-92-3*975.     Lustre  viti-eons,  sometimes  inclining  to 

S  early.     Streak  white.     Color  white,  of  ten  faint  bluish,  and  sometimes  red- 
ish.  "^  Transparent — subtranslucent.      Fracture  imperfectly  conchoidal- 
uneven.     Very  brittle.     Trichi-oisni  sometimes  very  distinct. 

Comp.— SrS04= Sulphur  trioxide  48 -6,  strontia  56-4=100.  Wittstein  finds  that  the  blue 
color  of  the  oelestite  of  Jena  is  due  to  a  trace  of  a  phosphate  of  iron. 

Pyr.,  ets. — B.B.  frequently  decrepitates,  fuses  at  8  to  a  white  pearl,  coloring  the  flame 
■trontia-red ;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  B.F.  is  converted 
into  a  difficultly  fusible  hepatic  mass;  this  treated  with  hydrochloric  acid  and  alcohol  gives 
an  intensely  red  flame.     With  soda  on  charcoal  reacts  like  barite.     Insoluble  in  acids. 

S&fif. — Does  not  effervesce  with  acids  like  the  carbonates ;  specific  gravity  lower  than  that 
of  barite  ;  colors  the  blowpipe  flame  red. 

Obs. — Celcstite  is  usually  associated  with  limestone  or  sandstone.  Occurs  also  in  beds  of 
gypsum,  rock  salt,  and  clay  ;  and  with  sulphur  in  some  volcanic  regions.  Found  in  Sicily,  at 
Girgenti  and  elsewhere  ;  at  Bex  in  Switzerland,  and  Conil  in  Spain  ;  at  Domburg,  near  Jena ; 
in  ttie  department  of  the  Garonne,  France  ;  in  the  Tyrol ;  Retzbanya  ;  in  rock  salt,  at  Isobl, 
Austria.  Found  in  the  Trenton  limestone  about  Lake  Huron,  parti cuarly  on  Strontian 
Island,  and  at  Kingston  in  Canada ;  Chaumont  Bay,  Scoharie,  and  Lockport,  N.  Y. ;  also 
the  Bossie  lead  mine  ;  at  Beirs  Mills,  Blair  Co. .  Penn. 

Named  from  fijdentin,  ceUMial,  in  allusion  to  the  faint  shade  of  blue  often  presented  by  the 
mineral. 

Barytocelestite. — Gelestite  containing  barium  sulphate  26  p.  c.  (Gruner^,  20*4  p.  c. 
(Tnmer).  l-i..l-i=74'  544 ,  i-iAi-A=l'>0  85  ,  on  crystals  from  Irafeld  in  the  Binne&thal 
(Nominar).     Drammond  I. .  Lake  Erie :  Nurtcn,  Hanover. 
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ANHTDRITJB. 

t>rthorhombic.     /A  /=  100°  30',  O  M-i  =  127°  19' ;  c  :  J  :  4  =  1-8122 

:  1-2024  :  1.    1-iAl-i,  top,  =  85°.  Cleavage:  ?4  very  per 
704  feet ;  i-i  also  perfect ;  O  somewhat  less  so.     Also  libroua 

J['      ^     lamellar,    granular,    and    sometimes    impalpable.      Tlu 
lamellar  and  columnar  varieties  often  curved  or  contorted. 


U.=S-3  5.    G.=2-899-2-965.    Liisti-e :  t-i  and  i-t  some- 


I 


what  pearly ;  O  vitreous ;  in  massive  varieties,  vitreous 
inclining  to  pearly.  Color  white,  sometimes  a  grayish, 
bluish,  or  reddish  tinge;  also  brick-red.     Streak  grayish- 


i^^^^^^T^     white.     Fracture  uneven ;  of  finely  lamellar  and  fibrous 
iV    1       n/J     varieties,  splintery.     Optic-axial  plane  parallel  to  /-i,  or 


StaBsfurt.         plane  of  most  perfect  cleavage;  bisectrix  normal  to  O; 

Grail  ich. 

Var.— (a)  CrystalliEed ;  cleavable  in  its  three  rectangnlar  directions.  (6)  fibrous;  either 
paraUeU  or  radiated,  or  plumose,  (c)  Fine  (prannlar.  id)  Scaly  g^nular.  Vulpinite is  tL  scalj 
granular  kiml  from  Vnlpino  in  Lombardy  ;  it  is  cut  and  polished  for  ornamental  purposes.  It 
does  not  ordinarily  contain  more  silica  than  common  anhydrite.  A  kind  in  contorted  concre- 
tionary forms  is  the  tripestone  (QekroMtein). 

Comp — CaS04=Sulphnrtrioxide  58  8,  Ume  41-2=100. 

Pyr.,  etc. — B.B.  fuses  at  8,  coloring  the  Hame  reddish -yellow,  and  yielding  an  enamel-like 
bead  which  reacts  alkaline.  On  charcoal  in  R.F.  reduoed  to  a  sulphide  ;  with  soda  does  not 
fuse  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite ;  it  is,  however,  decomposed, 
and  yields  a  mass  which  blackens  silver ;  with  fluorite  fuses  to  a  dear  pearl,  which  ia 
enamel- white  on  cooling,  and  by  long  blowing  swells  up  and  becomes  mfusible.  Soluble  in 
hydrochloric  acid. 

Diff. — Characterised  by  its  cleavage  in  three  rectangular  directions ;  harder  than  gypsum ; 
does  not  effervesce  with  acids  like  the  carbonates. 

Obs — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rock  salt.  Occurs  neaz 
Hall  in  Tyrol ;  at  Siidz  on  the  Neckar,  in  Wiirtembexg ;  Bleiberg  in  Carinthia ;  LUneberg, 
Hanover ;  Kapnik  in  Hungary ;  Ischl ;  Aussee  in  Styria ;  Berchtesgaden ;  Stassfurt,  in  fine 
crystals.     In  the  U.  Stat^  at  Lookport,  N.  T.     In  Nova  Scotia. 

ANaLSSrrS.    Blelvitriol,  Germ, 

Orthorhombic.  7  A  /  =  103°  43^',  6>  A  1  -t  =  1 21^  20^',  Kokscharof  ; 
c:b:d=:  1-64223  :  1-273634  :  1.  (9  A  1-f  =  127°  48' ;  0M  =  115°  35^' ; 
l-i;  A  l-i,  top,  =  75°  35^'.  Crystals  sometimes  tabular  ;  often  oblong  pris- 
matic, and  elongated  in  the  direction  of  either  of  the  axes  (as  seen  in  the 
tio^nres).  Cleavage :  7,  O,  but  interrupted.  The  planes  7  and  i-i  often 
vertically  striated,  and  ^t  horizontally.  Also  massive,  granular,  or  hardly 
BO.     Sometimes  stalactitic. 

ir.  =  2T5-3.  G.=612-6*39.  Lustre  highly  adamantine  in  some  speci- 
mens, ill  others  inclining  to  resinous  and  viti-eous.  C(;lor  white,  tinged 
yellow,  gray,  careen,  and  sometimes  blue.  Streak  uncolored.  Transparent 
—opaque.     I  racture  conchoi Jal.     Very  brittle. 

Comp.— PbS04- Sulphur  trioxide  264,  lead  oxide  73  0=100. 

Pyr.,  etc. — B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (F.  =1  '5).  On  charcoal  in  0. 
F.  fuses  to  a  clear  pearl,  which  on  cooling  becomes  milk-white ;  in  RF.  is  reduced  with  effer- 
vescence to  metallic  lead.  With  soda  on  charcoal  in  R.  F.  gives  metallic  lead,  and  the  soda 
it  absorbed  by  the  coal ;  when  the  surface  of  the  coal  is  removed  and  placed  on  bright  nivei 
and  moistened  with  water  It  tamishes  the  metal  black.    Difficultly  soluble  in  nitric  acid. 
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Oba. — This  OM  of  lead  wbb  fint  oLaerred  by  Homiet  oa  %  retolt  of  the  decompotltlou  of 
nlenite,  and  it  is  often  fonad  Id  Its  csTities.  Oconm  In  crygtftlB  at  Leodbillt ;  at  Fary's  rnina 
m  Ansfletea ;  al«o  »t  Mslanoireth  in  Oomnall ;  in  DetbyBhire  and  In  Cnmberland :  Claosthal, 
ZUleifeld,  and  Qiepenbaoh  in  the  Hon ;  near  Siegen  in  Pmitia ;  Sohapbuch  in  the  Black 
Forest ;  in  Sanliuia ;  mauiTe  in  Siberia.  Andulnua,  Alston  Moot  In  Cnmberlaad  ;  in  Ana- 
tndia.  In  the  U,  S.,  in  laiffe  orystolsat  Wheatley'i  mine.  Pheniiville,  Pa. ;  in  MiHaonri lead 
mines  ;  at  the  lead  mines  of  Sonthampton.  Mass.  ;  at  Boesie.  N,  T. ;  at  the  Walton  gold  mina, 
Louisa  Co,,  Ta.     Compact  in  Arizona,  and  Cent)  Gordo,  Cal. 

Dreelitb. — Rhombohednil.  H.=3-5.  G,  =.')'2-3'4.  Color  white.  Composition  given  a* 
CaSOi  -T-  SBaSO,.     Occnra  in  small  oryetoU  at  Beanjean,  Franoe ;  Badenweiler,  Baden. 

Ool.BKOPBAKm   (8eaeM).—Cn,B0b     In  mlnnts  eryitala.     Honoolinio.      Coloi  browu. 


HrDHOCTASiTB  (JbooeA^.— Anhydrona  copper  tnlphate,  OoSO,.     Color  ikr-blne.    Teij 
Mdnble.    TemTioA 
Aphthitalitb,  .dnttnOd.— KiSO,=PotaBh 641,  solphniic  add  40-9=100.     TwaTioi. 
TmatABDITE.— Sodinmmilphate,  NoiSOi.     Spain;  Teaaviiui 


liSASBII>LITB. 

Orthorhombic.  /a/=  103»  16',  (?A  1-i  =  120  '10';  c:t.d=  l-TSOS 
:  1'2632  : 1.  Hemihedral  in  2  and  some  other  pianos ;  hence  monocHnic  in 
Bspect,  or  ihombohedral  when  in  compound  crystals.  Cleavage:  t-l  Terj 
perfect ;  I'-t  in  traces.  Twins,  £.  712,  cuiisistinz  of  tlii-ce  crystali ;  twinninf; 
I'lane,  1-i  ^  f.  298,  p.  97) ;  also  parallel  with  / 
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H. = 2-5.  G. = 6  26-6-44.  Lustre  of  i-l  pearly,  other  parts  res '.  nous,  %om» 
what  adamantine.  Color  white, 

passing    into    yellow,    green,  711  712 

or  gray.  Streak  nncolored. 
Transparent  —  translucent. 
Conchoid al  fracture  scarcely 
observable.     Hather  sectile. 

Comp. — Formerly  accepted  for- 
mula, PbS04  4-3PbCO,=Lead  sul- 
phate 27*45,  lead  carbonate  72*55= 
100.  Recent  investigations  by  Las- 
peyres  (J.  pr..  Ch  IL,  v.,  470 ;  vii, 
127;  xiil,  370),  and  Hintze  (Fogg. 
Ann.,  dii,  156),  though  not  entiii^ 
accordant,  g^ye  different  results,  both 
show  the  presence  of  some  water.  Laspeyrts  ^Tites  the  formula  empirically,  PbitO»StOti<f 
5HiO,  andHintse,  PbT04SsOii+2H3O.    Analyses:  1.  Laspeyres;  2,  Hintse: 

80.  CO,  PbO  H,0 

1.  814  808  81-91  1-87=100,  Laspeyres. 

2.  817  918  80-80  200=10015,  Hintze. 

Pyr.,  etc. — B.fi.  intumesces,  fuses  at  1-5,  and  turns  yeUow  ;  but  white  on  cooling.  Easily 
reduced  on  charcoal.  With  soda  affords  the  reaction  for  sulphuric  acid.  Effervesces  briskly 
in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved. 

Obs. — This  ore  has  been  found  at  Leadhills  with  other  ores  of  lead ;  also  in  crystals  at  Bed 
Gill,  Cumberland,  and  near  Taunton  in  Somersetshire ;  at  Iglesias,  Sardinia  [maxUe), 

SusANNrrB. — Composition  as  for  leadhillite,  but  form  rhombohedral  Leadhills;  Nert- 
schinsk,  Siberia. 

CoNNELLFFE.  — Hexagonal.  In  slender  needle-like  blue  crystals.  Contains  copper  solphttto 
and  copper  chloride.     Exact  o< imposition  uncertain.     Cornwall. 

Caledonitb.— Monoclinic  (iScArau/).  H.  =2*5-3.  G.=6'4.  Color  bluish-green.  BsSOg 
+  aq  (Plight),  with  B=Pb  :  Cu=7  :  3,  or  5Pb804+8HaCuO,H-2H,PbO«.  This  requires  : 
Sulphuric  trioxide  19-1,  lead  oxide  65*2,  copper  oxide  11*4,  water  4*3=100.  Leadhills,  Soot- 
land  ;  Bed  Gill ;    Betzbanya ;  Mine  la  if  otte,  Missouri. 

LANARKiTE.^Monoclinio.  H.  =2-2*5.  G.  =6*3-6-4.  Color  pale  yellow,  or  greenish- 
white.  Transparent.  Composition  as  formerly  accepted,  PbS04+PbC0t.  New  analyses  by 
Flight,  and  by  Pisani,  show  the  absence  of  both  carbon  dioxide  and  water ;  compositioD 
accordingly  PbsSO»=PbSO«+PbO,  which  requires :  Lead  sulphate  57*6,  lead  oxide  42*4=100. 
Leadhills ;  Siberia,  eta 

aLAUBERITE. 

Monoclinic.  (7=68^16',  7a  7=83^  20',  O  A  l-i  =  136^  3P' ;  6:b:a 
-=  0-8 154  :  0-8267  :  1.     Cleavage :  O  perfect 

a =2-5-3.  G.=2-64-2-85.  Lustre  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak  white. 
Fracture  conchoidal ;  brittle.     Taste  slightly  saline. 

Oomp.— Na2GaSsO»=Sulphur  trioxide  57-6,  lime  201,  soda  22  8= 
100. 

Pyr.,  etc.— B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a 
white  enamel,  coloring  the  flame  intensely  yeUow.  On  charcoal  fuses 
in  O.F.  to  a  clear  bead  ;  in  R.F.  a  portion  is  absorbed  by  the  charcoal, 
leaving  an  infusibe  hepatic  residue.  With  soda  on  charcoal  gives  the 
reaction  for  sulphur.  Sol  able  in  hydrochloric  acid.  Jn  water  it  loses 
its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  large  excess  this  is  completely  dissolved.  On  long  . 
exposure  absorbs  moisture  and  falls  to  pieces. 

Obs. — In  crystals  in  rock  salt  at  Villa  Bubia  in  New  Castile ;  aIbo  at 
Aussee  in  Upper  Austria ;  in  Bavaria ;  at  the  mlt  mines  of  Vic  in  France ; 
and  at  Borax  Lake,  Calif omia;  Prorinoe  of  TAn^;»aca,  Pern. 
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Hypeous    Sulphates. 


MraABILmi.     OlAiibei  Salt 

MoDocIinic  0=72"  15',  /a/=86°31',  OAl-i  =  130"  19':  i:b:d 
=  1-1089  :  0-8962  :  1.  Cleavage:  i4  perfect.  Uauallj  in  eflloresceiit 
crneta 

H.=  t-5-2.  G.=l-481.  LustTP  viti-eoiis.  Color  whito.  Tranapareut— 
opaqne.     Taste  cool,  then  feebly  saline  and  bitter. 


.,  Hoda  19  -3,  wntet  66-»=lW. 

yellow  to  tbe  (Um«.     Tei; 
D  (oi  mlphDilo  kcid.     Fall* 


Oomp^-Na,SO,  +  I0oq  =  SnIphQr  trioxide 

Fyr.,  etc. — In  tbe  closed  tube  rnnoh  mtcer ;  gives  an  i 
■cdnble  in  water ;  tbe  aolution  gives  with  bRcium  Eslts  the 
to  powder  on  eiposore  to  tbe  air.  and  becomes  auh;droua. 

Obs. — Ouenrs  at  laohl  and  Hallstadt ;  also  in  IlniigarT:  Switzerland;  Italy ;  at  Guipoicos 
In  Spain,  etc  ;  at  Eailoa  on  Hawaii ;  at  Windsor,  Nora  Scotia ;  also  near  Sweetwater  River, 
Booky  Honntains. 

KABaJtaniTK,  BocBaiNOAiii.TiTB  (cerbolite),  Lbcontite,  and  Goanotdlitb  are  bydrona 
■nlphatea  oontaining  ammoniom. 


I.  C=  66°  14',  if  Hie  vertical  prism  /  (see  f.  716)  correspond 
ige  prism  (second  ulea^'agot.  and  the  baeal  plane  O  to  tfie 
the  third  cleavage.  /a/=  138°  28',  1  lA  1-i  =  128°  31'; 
.  .« ^.  .     ._  125035',   C»  A  2-4=145°  41',   lAl  = 


Monoclinic. 
to  the  cleavage 

direction  of   triL  

(i:i:o  =  0-9:24135:l.     t>Al 
l43*'43',2-iA2-i=lll°42' 


Cleavage;  (1)  i-i,  or  eliiiodiagona!,  eminent,  affording  easily  smooth  pol- 
iftheO  folia ;  (2)  /,  imperfect,  fibrous,  and  often  apparent  in  internal  nfts  or 
linings,  making  with  0  (or  the  edge  2-i/2-i)  the  angles  66°  14',  and  113° 
46',  corresi>onaintj  to  the  obliqnity  of  the  fundamental  pnaiii;  (3)  f ,  or 
baeal,  imperfect,  but  affording  a  nearly  smooth  surface.  Twins :  1.  Twiii- 
ning-jilane  0  common  (f.  717);  also  1-i,  oredge  1/1.  Simple  crystals  often 
with  warped  as  well  as  curved  surfaces.  Also  foliated  massive ;  laiiielUr 
stellate;  often  granular  massive;  and  sometimes  nearly  impalpable. 
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lJ.rnl'5-2.     G.=2-314-2-328,  wlieii  pui*e  crystals.      Lustre  of  z-i  pearlj 
and  shining,  other  faces  subvitreous.      Massive  varieties  often  glistening,* 
sometimes  dull  earthy.     Color  usually  white;   sometimes  gray,  flesh-rea, 
honey-yellow,  ochre-vellow,  blue ;  impure  varieties  often  black,  brown,  red 
or  redaish-brown.     Streak  white.     Transparent — opaque. 

Var. — 1.  CrystaUized,  or  SdeniU;  either  in  distinct  cnrstals  or  in  broad  folia,  the  folia 
lometimeB  a  yard  across  and  transparent  throughout.  2.  J^ibraiis  ;  ooarse  or  fine,  (a)  Satin 
ipar,  when  fine-fibrous  a  variety  which  has  the  pearly  opalescence  of  moonstone  ;  (b)plu7no§ef 
when  rarliately  arranged.  8.  Massive;  Alabaster,  a  fine-grained  variety,  either  white  ot 
delicately  shaded;  sccUy-granuUir ;  earthy  or  rock-gypsum,  a  duU-colored  rock,  often  impure 
with  clay  or  calcium  carbonate,  and  sometimes  with  anhydrite. 

Comp.—CaS04 -I- 2aq= Sulphur  trioxide  46  5,  limo  ;{2  0,  water  20-9  =  100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2*5-3,  color- 
ing the  flame  reddish-yellow.  For  other  reactions,  see  Anhydrite,  p.  880«  Ignited  at  a 
temperature  not  exceeding  200'  C,  it  again  combines  with  water  when  moistened,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water. 

Difif. — Characteirized  by  its  softness ;  it  does  not  effervesce  nor  gelatinize  with  adda. 
Sorae  varieties  resemble  heulandite,  stilbite,  talc,  etc.;  and  in  its  fibrous  forms  it  ia  like  soiM 
calcite. 

Obs. — Oypsum  often  forms  extensive  beds  in  connection  with  various  stratified  rocks,  espe* 
daily  limestone,  and  marljrtes  or  clay  beds.  It  occurs  occasionally  in  crystalline  itxsks.  It  if 
also  a  product  of  volcanoes ;  produced  by  the  decomposition  of  pyrite  when  lime  is  present ; 
and  often  about  sulphur  springs ;  also  depodted  on  the  evaporation  of  sea-water  and  brinee, 
in  which  it  exists  in  solution. 

Fine  spedmens  are  found  in  the  salt  mines  of  Bex  in  Switzerland ;  at  HaU  in  the  Tyrol ; 
in  the  sulphur  mines  of  Sidly  ;  in  the  gyjwum  formation  near  O^ana  in  Spain ;  in  the  clay  of 
Shotover  Hill,  near  Oxford :  at  Montmartre,  near  Paris.  A  noted  locality  of  alabaster  occdzb 
at  Castelino,  35  m.  from  Leghorn.  In  the  U.  S.  this  spedes  occurs  in  extendve  beds  in 
X.  York,  Ohio,  Illinois,  Virginia,  Tennessee,  and  Arkansas ;  it  is  usually  assodated  with  salt 
springs.  Also  in  Nova  Scotia,  Peru,  eta  It  is  characteristic  of  the  so-called  triassio,  or  red 
beds,  of  the  Rocky  Mountain  region ;  also  of  the  Cretaceous  in  the  west,  particularly  of  the 
clays  of  the  Fort  Pierre  group,  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  N,  Yorky  near  Lockport ;  also  near  Camil- 
las, Onondaga  Co.  In  Maryland^  on  the  St.  Mary^s,  in  day.  In  Ohvo^  large  transparent 
crystals  have  been  found  at  Poland  and  Canfield,  Trumbull  Co.  In  Tenn.,  sdenite  and  ala- 
baster in  Davidson  Co.  In  Kentucky,  in  Mammoth  Cave,  in  the  form  of  rosettes,  etc.  In 
N.  Scotia,  in  Sussex,  King^s  Co.,  large  crystals,  often  containing  much  symmetrically  dia- 
seminated  sand  (Marah). 

Plaster  of  Paris  (or  gypsum  which  has  been  heated  and  ground  up)  is  used  for  making 
moulds,  taking  oasts  of  statues,  medals,  eta  ;  for  producing  a  hard  finish  on  walla;  also  in 
the  manufacture  of  artificial  marble,  as  the  soagliola  tables  of  Leghorn,  and  in  the  glazing  oi 
porodain. 
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POLTHAUTB. 

Monoclinic  (?).  A  prism  of  115°,  with  acute  edges  tnincated.  Usnally  in 
compact  fibrons  masses. 

H.= 2*5-3.  Q.= 2*7689.  Lustre  resinous  or  slightly  pearly.  Streak 
red.  Color  flesh-  or  brick-red,  sc^metiraes  yellowish,  xransliicent— opaque 
Taste  bitter  and  astringent,  but  very  weak. 

Comp.— 2RS0«+aq,  where  R=Ca  :  Mg  :  K,  in  the  ratio  2:1:1;  that  is.  KJigQotBiOit 
^2aq=Caldum  sulphate  45*2,  magnedum  sulphate  19  0,  potosdum  sulphate  28  0,  water 

8-0  ru  100. 

Pyr.,  etc. — In  the  closed  tube  giyea  water.  B.B  fuses  at  1  '5«  cdors  the  flame  jellow.  On 
charcoal  fuses  to  a  reddish  globule,  which  in  R.F.  becomes  white,  and  on  cooling  has  a  MiUne 
hepatic  taste ;  with  soda  like  glauberite.  With  fluor  doea  not  gi?e  a  clear  be^L  Pirtially 
soluble  in  water,  leaTing  a  rMidne  of  oaldum  sulphate,  which  dlMoWes  in  a  larg*  amount  of 
water 


394  DBSOBIPnVB  icnebaloot. 

Obi. — Oocnn  at  the  mines  of  Isohl,  Ebensee,  Annee,  Hallstatt,  and  Hallein  in  AosCri^^ 
with  common  salt,  gypsum,  and  anhydrite  ;  at  Berohtesgaden  in  Bavaria ;  at  Vic  in  Lorraine. 

The  name  Polyhtdite  is  derived  from  iruKvs^  many^  and  £xi,  »aU^  in  allusion  to  the  numbei 
of  salts  in  the  constitution  of  the  mineral 

Sthoenitb,  v.  Zepltaravieh ;  Kaluszite.  Rumpf. — ^Near  polyhalite.  Oomposition  RSOi-i- 
aq,  with  R=Ca  :  K«=l  :  1,  that  is,  KsCaS,08+aq=Potassium  sulphate  58  1,  calcium  sol* 
phate  41  '4,  water  5  '5 = 100.  Monoclinic.  Occurs  in  small  tabular  crystals  in  cavities  in  hidit« 
at  Ralusz,  East  Galicia. 

KiESEBiTE.— MgS04+aq=Sulphnr  trioxide  58*0,  magnesia  28*0,  water  18  0=100.  Staas- 
fort. 

PiCROHERiTB  is  K«]fgS«08+6aq=Sulphur  trioxide  89*8,  magnesia  0*9,  potash  28*4,  watei 
M'9=100.  Vesuvius;  Stassfurt. 

Bloeditb. — Oomposition  Na3MgS:,08+4aq= Sulphur  trioxide  47*9,  magnesia  12*0,  soda 
18*6,  water  21*5=100.  Salt  mines  of  Ischl;  also  in  the  Andes.  Simokyite  {Tsehermak)  is 
identical. 

LOBWSITB.— 2Na9MgSsOt+5aq=Sulphur  trioxide  52*1,  magnesia  180,  soda  20*2,  watet 
14-7=100.     From  IsohL 

BF80MITB.    Bpsom  Salt.    Bittersals,  Qefrm. 

Orthorliombic,  and  generally  hemihedral  in  the  oetaliedral  raodifications. 
/A  /=  90°  34',  6>  A  1-i  =  150°  2' ;  i:b\d  =  0-6766  :  I'Ol  :  1.  14  A  l-i, 
basal,  =  69°  27',  1-i  A  1-t,  basal,  =  69°  56'.  Cleavage :  brachydiagonal. 
perfect.     Also  in  botrjoidal  masses  and  delicately  iibrous  crusts. 

H.=2*26.  G.=1'751;  1*685,  artificial  salt.  Lustre  vitreous— earthy. 
Streak  and  color  white.    Transparent — translucent    Taste  bitter  and  saline. 

Oomp. — ^Blg804  4-7aq,  when  pare=Snlphar  trioxide  82*5,  magncaia  16*3,  water  51*2=100. 

Pyr.,  etc. — Liquifies  in  its  water  of  crystallization.  Gives  much  water  in  the  closed  tnbe 
at  a  high  temperature;  the  water  is  acid.  B.B.  on  charcoal  fuses  at  first,  and  finally  yields 
an  infcwible  alkaline  mass,  which,  with  cobalb  solution,  gives  a  pink  color  on  ignition.  Vezy 
•ohible  in  water,  and  has  a  very  bitter  taste. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillaiy  efiSorescence  on 
rooks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom,  Eng> 
land,  and  at  Sedlitz  and  Saidschutz  in  Bohemia.  At  Idria  in  Camiola  it  occurs  in  silky  fibres, 
and  is  hence  called  hcUrealt  by  the  workmen.  Also  obtained  at  the  gypsum  quarries  of  Mont- 
martre,  near  Paris :  in  Aragon  and  Catalonia  in  Spain ;  in  Chili ;  found  at  Yesuvius,  eta 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the  Mam- 
moth Cave,  Ky.,  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Fauserttb. — A  hydrous  manganese-magnesium  sulphate.     Hungary. 


Copperas  Oroup. 

OHALOAMTHITB.    Blue  Vitriol.    Kupf ervitiiol,  Oerm. 

Triclinic.  6>  A  /=  109°  32',  (9  A  /'  =  127°  40',  I A I  =  123°  10',  OM 
=125°  38',  O  A  it  =  120°  50',  OM-i^  103°  27'.  Cleavage :  /  imper- 
fect. /'  very  imperfect.     Occura  also  amorphous,  stalaotitic,  reuiforra. 

Il.=2-5.  G.=2-213.  Lustre  vitreous.  Color  Berlin-blue  to  skj^-blne, 
of  diflFerent  shades;  sometimes  a  little  greenish.  Streak  uncolored.  Sub- 
transparent — translucent.    Taste  metallic  and  nauseous.    Somewhat  brittle. 

Oomp.— CUSO4  4  5aq= Sulphur  trioxide  821,  copper  oxide  81*8,  water  36*1=100. 

Pyr.,  etc. — In  the  dosed  tube  yields  water,  and  at  a  higher  temperature  sulphuric  add. 
B.B.  with  soda  on  charooal  yields  metallic  copper.  With  the  fluxes  reacts  for  copper.  Sola* 
ble  in  water ;  a  drop  of  the  soludon  placed  on  a  surface  of  iron  coats  it  with  metallic  copper. 

Obs. — ^Blue  vitriol  ia  fouud  in  waters  issuing  from  mines,  and  in  connection  with  rocks  con* 
taining  chalcopyrite,  by  the  alteration  ol  which  it  is  formed.     Some  of  its  foreign  looaUt&at 
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Aie  the  BammelBberg  mine,  near  GoaUr,  in  the  Han ;  Fahlnn  in  Sweden ;  at  Parya  mhie. 
Anglesey;  at  Yarioos  mines  in  Co.  of  Wioklow;  Bio  Tinto  mine,  Spain.  Found  at  the 
Hiwaasee  oopper  mine,  and  other  mines,  in  Polk  Go. ,  Tenneasee ;  at  the  Ganton  mine,  Qeoiigia ; 
at  Gopiapo,  Chili,  with  stypticite. 

Wheu  purified  it  Ib  employed  in  dyeing  operations,  and  in  the  printing  of  cotton  and  linen, 
and  for  various  other  purposes  in  the  arts.  It  is  manufactured  mostly  from  old  sheathing, 
oopper  trimmings,  and  refinery  scales. 

Other  vitriols  are : — ^Melanterite,  iron  vitriol ;  PiSANiTB,  iron-oopper  vitriol ;  CofUiAB- 
ITS,  zinc  vitriol ;  Bieberttb,  cobalt  vitriol ;  MoBENOSiTE,  nickel  vitriol :  Cupromaqnesitb, 
oopper-mognesium  vitriol  (Vesuvius).  These  are  all  alike  in  containing  Y  molecules  of  watei 
of  crystallization. 

Alunogen  (Haarsalz,  (?0rm.).— :^SsOis+18aq=Sulphurtriozide36'0,  aluminal5'4,  watei 
48*6=100.     Taste  like  that  of  alum.     Vesuvius:  Konigsbeig,  Hungary. 

COQUIMBITB.— FeS,Oia+9aq=Sulphurtriozide42'7,  iron  sesquiozide  28*5,  water  28'8=s 
100.     Coquimbo,  Chili. 

Ettbinqitb  (X«^mann).^Analy8iSp  SOt  16*64, 3!^0s  7*76,  CaO  27*27,  HiO  45*82.  In  liei»- 
gonal  needle-like  crystals  from  the  lava  at  Bttiingen,  Laaoher  See. 

Ahtm  and  HalatriehUe  Ortnipa, 

Here  belong :  TscHEBinoiTE,  ammonium  alum.  Kalikitb,  potassium  alum,  or  common 
alum.  Mendozitb,  sodium  alum.  Pickebinoitb,  magnesium  alum.  Apjoiinitb,  man 
ganese  alum.  Bobjemannitb,  mangano-magnesium  alum.  Halotbichitb,  iron  alum. 
Also  B(emebitb,  and  Voltaitb. 


OOPIAPITB. 

Hexagonal  (!).  Loose  aggregation  of  crystalline  scales,  or  granular  miu$^iV<^| 
the  scales  rhombic  or  hexagonal  tables.  Cleavage:  basal,  pei'feci.  iu« 
crusting. 

n.=l*5.  G.=:2'14,  Borcher.  Lustre  pearly.  Color  sulphur-yollow, 
citron-yellow.     Translucent. 

Oomp.— FeoS.O.i  +  18aq ;  5FeS,0,a  +  HeEeO«  -4-  86HaO  =  Sulphur  trioxide  41  9,  iron 
sesquioxide  33 '5,  water  24*5  =  100. 

Pyr.,  etc. — ^Yields  water,  and  at  a  higher  temperature  snlphurio  add.  On  charooal  be* 
comes  magnetic,  and  with  soda  affords  the  reaction  for  sulphur.  With  the  fluxes  reaotioDM 
for  iron.     In  water  insoluble. 

Obs. — Common  as  a  result  of  the  decomposition  of  pyrite  at  the  Bammelaberg  mine,  neat 
Goslar  in  the  Harz,  and  elsewhere. 

This  species  is  the  yeUow  copperas  long  caUed  misy,  and  it  might  weU  bear  now  the  nam« 
Misylite. 

Haimondite.— Composition  FeiStOis-l-Taq.  Fibbofbbbfib  (styptidte). — Compoaitioii 
FeS,O9-hl0aq. 

BoTRTooEN  is  red  iron  yitriol,  exact  composition  uncertain.  Fahlun,  Sweden.  Bartho- 
LOMITE,  West  Indies,  is  related. 

Ihleite.— Fe  S,0i,+12aq.  Ooours  as  a  yellow  effloreaoenoe  m  graphite  from  Mvgxma. 
Bohemia  [Sehrayf). 


ALtTBAlMlTU* 


Reniform,  massive ;  impalpable. 

II.=l-2.      G.=l-66.      Lustre  dull,  earthy.      Oolol^  white.      Opaque. 
Fracture  earthy.     Adheres  to  the  tongue ;  meagre  to  the  toucli 
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Oomp.—i^l80fl+Oaq=  Sulphur  tziozide  23*2,  alnmina 20-8,  water  470=100. 

Pyr.,  eto. — In  the  closed  tnhe  gives  much  water,  which,  at  a  high  temperatore,  beoomM 
acid  from  the  eyolation  of  sulpharous  and  sulphuric  oxides.  B.  B.  infusible.  With  cobalt 
solution  a  fine  blue  color.     With  soda  on  charcoal  a  hepatic  mass.     Soluble  in  acids. 

Obs. — Occurs  ii.  connection  with  beds  of  clay  in  the  Tertiary  and  Post-tertiaiy  formatious. 
Found  near  Halle ;  at  Newhaven,  Sussex ;  Epemay,  in  Lunel  Vieil,  and  Auteuil,  in  France 

Wkiithkmanitk.— AlSOe  4-3aq.    G.  =280.    Occurs  near  Chachapoya««,  in  Peru. 

Alunitb,  Alaunstein,  Oerm. — Composition  K9AliS40j3  +  6aq.  Bhombohedral.  Alao 
massive,  fibrous.  Forms  seams  in  trachyte  and  allied  rocks.  Tolf a,  near  Rome ;  Tuscany ; 
Hungary ;  Mt.  Dore,  France,  etc. 

LdwioiTB.— Same  composition  as  alunite,  but  contains  3  parts  more  of  water.  Tabne, 
CUleda. 

UNARTTS.    Bleilasnr,  Kupferbleispath,  Oerm. 

Monoclinic.     0=  77^  27' ;  /A  /,  over  i-i,  =  6V  36',  O  M-l  =  UV  5', 

c:h:d  =  0-48134 :  0-5S19  :  1,  Hessenberg.  Twins: 
twinning-plane  i-i  cominon  ;  O  A  O^  =  154°  64'. 
Cleavage :  i-i  very  perfect ;   O  less  so. 

H.=2*5.  G.=5.3-5'45.  Lustre  vitreous  or  ada- 
mantine. Color  deep  azure-blue.  Streak  pale  bine. 
Translucent.     Fracture  concJioidal.     I'rittle. 

Oomp.— PbCuSO»-haq=(Pb,Cu)SO4-l-Ha(Pb,Cu)Oa-Sulphurtrioxide20O,  leadoxideSS  7, 
oopper  oxide  19  8,  water  4*5=100. 

Pjn^.,  etc, — In  the  closed  tube  yields  water  and  loses  its  blue  color.  B.B.  on  charcoal  fuses 
easily  to  a  pearl,  and  in  R.F.  is  reduced  to  a  metallin  globule  which  by  continued  treatment 
coats  the  coal  with  lead  oxide,  and  if  fused  boron  trioxide  is  added  yields  a  pure  globule  of 
oopper.  With  soda  gives  the  reaction  for  sulphur.  Decomposed  with  nitric  acid,  leaving  a 
white  residue  of  lead  sulphate. 

Obs. — Formerly  found  at  Leadhills.  Occurs  at  Boughten  Gill,  Red  Gill,  etc. ,  in  Cumber- 
land ;  near  Schneeberg,  rare;  in  Dillenburg;  atRetzbanya;  in  Nertschinsk ;  and  near  Beresof 
in  the  Ural ;  and  supposed  formerly  to  be  found  at  Linares  in  Spain,  whence  the  name. 


BROOHANTTTB. 

Monoclinic.  '  (7  =  89°  27^'.  7  A  /  r=  104°  6^',  OM-i-  154°  12*' ;  c  : 
b  :  d  =  0'61983  :  1-28242  :  1.  ISchranf  distinguishes  four  types  of  forms  : 
L  Brochantite  from  Retzbanya  (two  varieties),  also  fi*om  Coi-nwall  and 
Russia,  triclinic  ;  II.  Wan%natonite  from  Cornwall,  a  third  variety  from 
Retzbanya,  monoclinic(?) ;  111.  Brocliantite  from  Nischne-Tagilsk,  mono- 
clinic—triclinic  ;  IV.  Konigine  from  Russia,  and  a  fourtli  variety  from  Retz- 
banya, monoclinic  (or  orthorhombie). 

Also  in  groups  of  acicular  crystals  and  drusy  crusts.  Cleavage :  i-i  very 
perfect;  7  in  traces.     Also  massive;  reniform  w^th  a  columnar  structure. 

H.=:3-5-^.  G.=3-78-3-87,  Magnus ;  3*9069,  G.  Rose.  Lustre  vitreous; 
a  little  pearly  on  the  cleavage-face.  Color  emerald-green,  blackish-green. 
Sti*eak  paler  green.     Transpai-ent — translucent. 

Oomp.—Cu4S07+3HiO=CuS04  +  3H3CuO,= Sulphur  trioxide  1771,  copper  oxide  70-34, 
water  11 '05=100.  This  formaia  belongs  to  type  IV.,  above  ;  the  warringtonite  correspondi 
more  nearly  to  CuS04  4-3HaGuO,-i-HiO,  and  the  existence  of  other  varieties  has  been  also 
assumed. 

Pyr.,  etc — Yields  water,  and  at  a  higher  temperature  sulphuric  acid,  is  the  closed  tube, 
md  becomes  black.  B.B.  fuses,  and  on  diarcoal  affords  metallic  copper.  With  soda  gives 
the  reaction  for  sulphurio  acid. 
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Cbs^— Oooon  at  QomescheTBk  and  NlMshne-Tagilsk  in  the  Ural ;  the  Konigine  (or  K^nygite\ 
wtm  from  OnmeeoheTsk ;  near  Bonghten  GilL  in  Cumberland ;  in  Cornwall  (in  part  ioarring- 
tonite) ;  at  Retzbanja ;  in  Nassau ;  at  Krisuvig  in  Iceland  {krmivigiU) ;  in  Mexico  (b9t>ngnar'' 
Uiis) ;  in  Chili,  at  AndacoUo  ;  in  Australia. 

Named  after  Broi'hant  de  Villiers. 

TiANoiTfi. — CuS04-h2HjCuOi  +  2aq.  In  crystals  and  concretionary  crusts  of  a  blue  color. 
G .  =  3  •  5.     Cornwall. 

CvANOTRiciiiTE.  Lettsomite.  Kupfersammterx,  Oerm, — ^In  yelvety  druses.  Color  blue. 
A  hydrous  sulphate  of  copper  and  aluminum.  Moldava in  the  Banat.  Woodwarditb,  ncai 
the  above. 

EunNKiTE  — CuSO 4-^  Na9S04  +  2aq= Copper  sulphate  47*2,  sodium  sulphate  421,  water 
1 0  7  - 1 00.  In  irregular  crystalline  masses  of  a  coarse  fibrous  structure,  prismatia  Color 
uzure-biue.  Moist  to  the  touch.  Found  in  the  copper  mines  near  Calama,  Bolivia.  (Dome^ko.) 

PnK.f.iriTE. — CuSO^  +  FeSiOia-rTiaq.  In  irregular  fibrous  masses,  not  prismatic.  Coloi 
blue.     In  the  Cordilleras  of  Condes,  Santiago,  ChiH.     {Domeyho,) 

E.N  Y8ITK. —Occurs  in  stalactitic  forms  in  a  cave.  H.  =2-2*4.  O.  =1*50.  Color  bluish- 
trreen.  B.B.  infusible.  Analysis:  SO,  812,  AlO,  2985,  CuO  16-91,  CaO  1'35,  H.O  3942, 
SiO,  3-40,  CO.,  1  05=100.     Near  St.  Agnes,  Cornwall     (CoUina,  Min  Mag.,  1.  p.  14.) 

URANiUM-8aLPHATE& — There  are  Included  here  jV^ 71  ntVtf.  uranoohaleUe^  medjidiU^  tippdU^ 
voglianite^  uraoonite.  These  are  secondary  products  found  with  other  unmivin  minenuB  at 
Jonfih  i  m  sth  al  ■ 


Tellurates. 


MONTANTTS. 


Incrnsting ;  without  distinct  crystalline  structure. 
Soft  and  earthy.     Lustre    dull    to  waxy.    Color  yellowish  to  white. 
Opaque. 

Oomp.— Bi3Te0«  +  2aq=Tellurium  triozide  26*1,  bismuth  oxide  68*6,  water  5 '8 =100. 
P3rr.,  etc. — ^Yields  water  in  a  tube  when  heated.    B.B.  gives  the  reactions  of  biamuth  and 
keUuium.     Soluble  in  dilate  hydrochloric  add. 
OIm. — ^Inoruiti  tetcadjmiie,  at  Highland,  in  Montana ;  Dayidsoo  Ck>.,  N.  0. 


BBKBIFTITX  XrStBMLOOT. 


7.  CARBONATES. 

Ajihtdbodb  Cabbohath. 

Caltsite  Group. 

OAUSTTB.   <Ma  Spur.    Kalkipktih,  Gwm. 


Bliombobedral.     S^B,   terminal,  =  105' 
'VitMS.    Cleavage:  ^  highly  perfect. 
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Twins:  (1)  Twinning-plane  basal  (or  parallel  to  0).    (2)  B,  the  vertical 
'    '      ■        '  '—     ■"    ngles.     (3) -2i?.     (4) -i 

o  one  another  ] 
inatic  plane  t-"i.     (6)  plane  i  (see  p.  95). 


axes  of  the  two  forms  nearly  at  right  angles.     (3)  — ^Ji.     vii  — ^i*.  i 
vertical  axes  of  the  two  forms  inclined  to  one  another  127°  34'.     (5)  Pj 


Also  fibi'0118,  both  coai-ee  and  fine;  sometimes  lamellar ;  often graiiuW ; 
from  coarse  to  impalpable,  and  compact  to  earthy.  Also  stalautitic,  tube- 
rose, nodular,  and  other  imitative  forms. 

H.=ii-5-3-5  ;  some  earthy  kinds  (chalk,  etc.)  1.  G.=3-508-2'778 ;  pare 
f'rystalB,  2-72 13-3-7234,  Beud.  Lustre  vitreous — subvitroons — earthy.  Cploi' 
'chite  or  colorless ;  also  various  paie  shades  of  gray,  red,  green,  blue,  violet, 
yellow ;  also  brown  and  blaek  when  impure.  Streak  white  or  grayiah. 
TranBiiarent — opaque.  Fracture  usually  conchoidal,  hut  obtained  with 
difficiuty  when  the  spechoeu  is  crystallized.     Double  refraction  strong. 


Oomp.,  VaT.~CftIoite  it  oaldnm  carbonate,  OaOOi=Oarb<Hi  dii>zlde  44,  Uma  OS=l(n 

Put  of  the  calcioio  is  BOmfitdmes  EopLioed  bj  loagDeaiam,  iron,  or  mangiuiaBe,  mon  Tsielj  bj 
ttrODtiiim,  barjuiB,  liDO,  or  lead. 

The  varietioB  are  very  uumeniiu,  and  diverae  in  apireacance.  They  depend  msiiilf  on  thi 
following  points  :  (1)  diSeienoea  in  crfriallizatioD ;  (2)  in  itntotunl  oondition,  the  extvemM 
being  perfect  crjstala  and  euthj  masaire  forms ;  (3)  in  color,  diaphknaitf,  odor  on  friotion, 
dne  to  [mpurities;  (i)  in  modes  of  origin. 

1.  Cryitallued.  C^itaUandoiTataUizedmaBUaaSordeaailjolaaTageTbombohedTOiia;  and 
when  tranapai:etit  thej  are  called  ladand  Spar,  and  alao  DouUji-T^fraeting  Qpar  (Dotqwla- 
path,  Otnn.]. 

The  crystals  vary  in  pnipmtlons  from  broad  tabnlor  to  modaratelj'  slender  aiuoular,  and 
take  a  great  divendty  of  f oims.  Bat  the  extreme  kinds  so  pas*  into  one  another  Ihronghthoaa 
Uint  are  intermediate  that  no  Batiafaotoiy  olaasiBoation  i*  possible,  Honj  are  stont  or  ihort 
in  ahap*  beoao'-i  imniaUj  ao.      Bot  Othm  fonu  Uiat  an  loi^  tap«tiag  in  their  faU  dsfdop 
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ment  oooar  short  and  stoat  becaose  abbreviated  by  an  abrupt  termination  in  a  broad  o.  or  an 
obtuse  rhombohedron  (as  ~i  or  R)^  or  a  low  scalenohedron  (as  i'),  or  a  combiuation  of  these 
forms ;  and  thns  the  crystals  having  essentially  the  same  combinations  of  planes  vary  greatly 
in  shape.     The  acute  scalenohedrons  like  f.  724,  are  called  dog-tooth  9par. 

FontainebUau  Umestone.  Crystals  of  the  form  iu  f.  710c,  from  Fontainebleau  and  Nen.oors. 
France,  containing  a  large  amount  of  sand,  some  50  to  G3  p.  c.  Similar  sandstone  crys- 
tals occur  at  Sievring,  near  Vienna,  and  elsewhere.  Pseudomorphous  scalenohedrons  of  sand- 
stone, after  calcite,  are  found  near  Heidelberg. 

JSatin  Spar ;  fine  fibrous,  with  a  silky  lustre.  Resembles  fibrous  gypsum,  which  is  also 
oaUed  satin  spar,  but  is  much  harder  and  effervesces  with  acids.  Argentine  {Schieferspat/i), 
a  pearly  lamellar  calcite,  the  lamellsB  more  or  less  undulating  'coloi  white,  grayish,  yellowish, 
or  reddish.  Aphrite^  in  its  harder  and  more  sparry  variety  {8ehaum»path)  is  a  foliated  white 
pearly  calcite,  near  argentine ;  in  its  softer  kinds  (Schaumerde^  Silver}/  Chalk,  Ecume  de  Terrt 
H.)  it  approaches  chalk,  though  lighter,  pearly  in  lustre,  silvery- white  or  yellowish  in  color, 
soft  and  greasy  to  the  touch,  and  more  or  less  scaly  in  structure. 

2.  Mcurive  Va  rietUs,  Chranular  limestone  (SiecJiaroidal  limestone,  so  named  because  like  loaf- 
sugar  in  fracture).  The  texture  varies  from  quite  coarse  to  very  fine  granular,  and  the  latter 
passes  by  imperceptible  shades  into  compact  limestone.  The  colors  are  various,  as  white, 
yellow,  reddish,  green,  and  usually  they  are  clouded  and  give  a  handsome  effect  when  the 
material  is  polished.  When  such  limestones  are  fit  for  poUshing,  or  for  architectural  or  orna- 
mental use,  they  are  called  marbles.  Statuary  marble  is  pure  white,  fine  grained,  and  firm 
in  texture.  Hard  compact  litnestonSy  varies  from  nearly  pure  white,  through  grayish,  drab, 
buff,  yellowish,  and  reddish  shades,  to  bluish -gray,  dark  brownish -gray,  and  black,  and  is  some- 
times variously  veined.  The  colors  dull,  excepting  ochre-yellow  and  ochre-red  varieties. 
Many  kinds  make  beautiful  marble  when  polished. 

SheU-marble  includes  kinds  consisting  largely  of  fossil  shells.  Ruiii'marhle  is  a  kind  of  oom- 
paot  calcareous  marl,  showing,  when  polished,  pictures  of  fortifications,  temples,  etc. ,  in  rains, 
due  to  infiltration  of  oxide  of  iron.  Lithographic  stone  is  a  very  even  grained  compact  lime- 
stone, usually  of  buff  or  drab  color ;  as  that  of  Solenhof en.  Breccia  marble  is  made  of  fraff* 
ments  of  limestone  cemented  togfether,  and  is  often  very  beautiful  when  the  fragments  are  of 
different  colors,  or  are  imbedded  in  a  base  that  contrasts  well.  The  colors  are  very  various. 
Pudding  stone  marble  consists  of  pebbles  or  rounded  stones  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

HydrauUo  Umestone  is  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  40  p.  o.  of  magnesia,  and  12  to  30  p.  c.  of  silica  and  alumina. 

Soft  compact  Umestone,  Chalk  is  white,  grayish -white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  such  softness  may  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  shells  of  rhizopods.  Calcareous  marl  (Mergel- 
kalk,  Oerm.)  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dis- 
tinct fragments  of  shells  ;  it  generally  contains  much  clay,  and  graduates  into  a  calcareous 
clay. 

Coneretionarg  m/issive.  Oolite  (Rogenstein,  Gei'm,)  is  a  granular  limestone,  but  its  grains 
are  minate  rounded  concretions,  looking  somewhat  like  the  roe  of  a  fish,  the  name  coming 
from  *cjay,  egg.  It  occurs  among  all  the  geological  formations,  from  the  Lower  Silurian  to 
the  most  recent,  and  it  is  now  forming  about  the  coral  reefs  of  Florida.  Pisolite  (Erbsentein, 
Oerm.)  consists  of  concretions  as  large  often  as  a  small  pea,  or  even  larger,  the  concretions 
having  usually  a  distinct  concentric  structure.  It  is  formed  in  large  masses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  in  Bohemia. 

Deposited  from  calco/reous  springs^  streams,  or  in  cater  ns^  etc.  (a)  Stalactites  are  the  calcareous 
cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are  formed  from 
the  watera  that  drip  through  the  roof ;  these  waters  hold  some  calcium  bicarbonate  in  solu- 
tion, and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Sta- 
lactites vary  from  transparent  to  nearly  opaque ;  from  a  granular  crystalline  Htructure  to  a 
radiating  fibrous ;  from  a  white  color  and  colorless  to  yellowish-gray  and  brown,  (b)  Stalag- 
mite is  the  same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that 
drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides ;  cones  of  it  sometimes  rise  from 
the  floor  to  meet  the  stalactites  above. 

(c)  Calc-sinter,  2'ravertine,  Cole  Tufa.  Travertine  ( Confetto  di  Titdi)  is  of  essentially  th« 
same  origin  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially 
where  in  large  deposits,  as  along  the  river  Anio,  at  Tivoli,  near  Rome,  where  the  deposit  £■ 
•cores  of  feet  in  thickness.  It  has  a  very  cavernous  and  irregularly  banded  structure,  owing 
to  its  mode  of  formation. 

{d)  Agaric  mineral;  Rock-milk  (BergmUc/i,  MontmUch^  Oerm.)  is  a  very  soft,  white  material 
breaking  easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lim^ 
budation. 
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(4)  Bock-meal  {Dwgmehl,  Gtorm.)  is  white  and  light,  like  cotton,  becoming  a  powder  on  the 
■lightest  pressure.  It  is  an  efflorescence,  and  is  common  near  Paris,  especially  at  the  quarries 
of  Nanterre. 

Pyr.,  etc. — In  the  closed  tube  sometimes  decrepitates,  and,  if  containing  metallio  oxides^ 
may  change  its  color.  B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  red 
after  ignition  the  assay  reacts  alkaline ;  moistened  with  hydrochloric  acid  imparts  the  charac* 
teristic  lime  color  to  the  tlame.  In  borax  dissolves  with  effervescence,  and  if  saturated, 
yields  on  cooling  an  opaque,  milk-whitre,  crystalline  bead.  Varieties  containing  metallio 
oxides  color  the  borax  and  8«ilt  of  phosphorus  beads  accordingly.  With  soda  on  platinum  foil 
fused  to  a  clear  mass ;  on  charcoal  it  at  first  fuses,  but  later  the  soda  is  absorbed  by  the  coal, 
leaving  an  infusible  and  strongly  luminous  residue  of  lime.  In  the  solid  mass  effervesces 
when  moistened  with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even 
iu  cold  acid. 

Diff. — Distinguishing  characters :  perfect  rhombohedral  cleavage ;  softness,  can  be  scratched 
with  a  knife  ;  effervescence  in  cold  dilute  acid ;  inf usibility.  Less  hard  and  of  lower  specific 
gravity  than  ai-agonite. 

Obs. — Andreasberg  in  the  Harz  is  one  of  the  best  European  localities  of  crystallized  calcite ; 
there  are  other  localities  in  the  Tyrol,  Styria,  Carinthia,  Hungary,  Saxony,  Hesse  Darmstadt 
(at  Auerbach),  Hesse  Cassel,  Norway,  France,  and  in  England  in  Derbyshire,  Cumberland, 
Cornwall ;    Scotland ;  in  Iceland. 

In  the  U.  States  prominent  localities  are :  in  N,  Tark,  in  St.  Lawrence  and  Jefferson  Cos., 
especially  at  the  Rossie  lead  mine  ;  in  Antwerp;  dog-tooth  spar^  in  Niagara  Co.,  near  Lock' 
port ;  near  Booneville,  Oneida  Co.  ;  at  Anthony^s  Nose,  on  the  Hudson ;  at  Watertown, 
Agaric  mineral ;  at  Schoharie,  fine  ataUictites  in  many  caverns.  In  Conn, ,  at  the  lead  mine, 
Middletown  In  N.  Jersey ^  at  Bergen.  In  Virginia^  at  the  celebrated  Wier^s  cave,  8talactile» 
of  great  beauty ;  also  in  the  large  caves  of  Kentucky.  At  the  Lake  Superior  copper  mines, 
■plendid  crystals  often  containing  scales  of  native  copper.  At  Warsaw,  lUinoia  ;  at  Quincy, 
iff./  at  Hazle  Green,  WU,     In  Nova  Scotia,  at  Partridge  L 


DOLOBAITIJ. 

Rhombohedral.  ^Ai?  =  106°  15',  OAi?  =  136°  Sf;  c  =  0-8822. 
RsR  varies  between  106°  10' and  106°  20'.  Cleavage : 
R  perfect.  Faces  R  often  curved,  and  secondary 
planes  usuallv  with  horizontal  striae.  Twins:  similar 
to  f .  733.  Also  in  imitative  shapes;  also  amorphous, 
granular,  c<>arse  or  fine,  and  grains  often  slightly 
coherent. 

n.=8*5-4.  G.=:2'8-2-9,  true  dolomite.  Lustre  vit- 
reous, inclining  to  pearly  in  some  varieties.  Color  white,  reddish,  or  green- 
ish-white ;  also  rose-red,  green,  brown,  gi*ay,  and  black.  Subtransparent  to 
translucent.     Brittle. 

Oomp.,  Var. — (Ca,Mg)C03,  the  ratio  of  Ga  :  Mg  in  normal  or  true  dolomite  ia  1  :  l=Cal- 
ciom  carbonate  54 '35,  magnesium  carbonate  45*65.  Some  kinds  included  under  the  nama 
have  other  proportions  ;  but  this  may  arise  from  their  being  mixtures  of  dolomite  with  oalciio 
or  mag^esite.     Iron,  manganese,  and  more  rarely  cobalt  or  zinc  are  sometimes  present. 

The  varieties  are  the  following : 

Crystallized.  I 'earl  spar  includes  rhombohedral  crystallizations  with  curved  faces.  CWt/m- 
nar  or  fibrous.  Granular  constitutes  many  of  the  kinds  of  white  statuary  marble,  and  white 
and  colored  architectural  marbles,  names  of  some  of  which  have  been  mentioned  under  calcite. 

Compact  iwi»8ioef  like  ordinary  limestone.  Many  of  the  limestone  strata  of  the  globe  are 
here  included,  and  much  hydraulic  limestone^  noticed  under  calcite. 

Ferriferous  ;  Brown  spar^  in  part.  Contains  iron,  and  as  the  proportion  increases  it  gradu- 
ates into  ankerite  (q.  v. ).  The  color  is  white  to  brown,  and  becomes  brownish  on  exposure 
through  oxidation  of  the  iron.  Manganiferoua.  Colorless  to  flesh-red.  72  a  72=106"  28'* 
106°  16.     CobaUiferouB.     Colored  reddish  ;  a.  =2  921,  Gibbs. 

The  varieties  based  on  variations  in  the  proportions  of  the  carbonates  are  the  foUowing . 
(a)  JSormal  dolomite^  ratio  of  Ca  to  Mg=l  :  1,  (6)  ratio  1^  :  1=8  :  2 ;  ratio =2  :  1 ;  ratio  3  r 
I ;  nitio=5  :  1  ;  ratio  1  :  3.    The  last  (/)  maj  be  dolomitio  magneaite ;  and  the  others,  from 
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(b),  dolomitio  calcite,  or  oalcite  + dolomite.  The  manner  in  which  dolomite  is  ofted  mixed 
vrilh  calcite,  forming  its  veins  and  its  fossil  shells  (see  below),  shows  that  this  is  not  iiuprob- 
ftlie. 

Pyr.,  etc. — ^B.B.  acts  like  calcite,  Irat  does  not  give  a  clear  mass  when  fused  with  soda  on 
platinum  foiL  Fragments  thrown  into  cold  acid  are  very  slowly  acted  upon,  while  in  powder 
in  warm  acid  the  mineral  is  readily  dissolved  with  effervescence.  The  ferriferous  dolomites 
become  brown  on  exposure. 

Diffi — Resembles  calcite,  but  generally  to  be  distinguished  in  that  it  does  not  effervesce 
readily  in  the  mass  in  cold  acid. 

Obs, — Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  vario«ii 
regions.  Crystalline  and  compact  varieties  are  often  associated  with  serpentine  and  othei 
xnagnesian  rocks,  and  with  ordinary  limestones.  Some  of  the  prominent  localities  are  at  Sals- 
burg  ;  the  Tyrol ;  Schemnitz  in  Hungrary ;  Kapnik  in  Transylvania ;  Freiberg  in  Saxony ; 
the  lead  mines  at  Alston  in  Derbyshire,  etc. 

In  the  IT.  States,  in  Verrrunity  at  Boxbury.  In  Rhode  Island^  at  Smithfield.  In  N.  Jersey^ 
at  Hoboken.  In  K,  Tork^  at  Lockport,  Niagara  Falls,  and  Rochester  ;  also  at  Glenn's  Falls, 
in  Richmond  Co.,  and  at  the  Parish  ore  bed,  St.  Lawrence  Co.;  at  Brewster,  Putnam  Go. 

Named  after  Dolomieu,  who  announced  some  of  the  marked  characteristics  of  the  rock  in 
1791 — ^its  not  effervescing  with  acids,  while  burning  like  limestone,  and  its  solubility  aftei 
hetttingin  adds. 


ANKGRITB. 

Rhombohedral.  JiAll  =  106*^  7',  Zepharovicli.  Also  crystalline  mas^ 
rive,  coarse  or  fine  granular,  and  compact. 

H.=3'5-4.  G.=2'95-3*l.  Lustre  vitreous  to  pearly.  Color  white,  gray 
reddish.     Translucent  to  subtranshicent. 

Oomp. — CaCOj + FeCO j  -f-JCvCaMgCaOo).  Here,  according  to  Boricky,  x  may  have  the  volne 
♦i  h  h  h  h  2,  3,  4,  6,  10.  The  varieties  having  the  five  higher  values  of  x  he  calls  paran 
keritSy  while  the  others  are  normal  ankerite.  If  a;=l,  the  formula  is  equivalent  to  2CaCOt-l 
MgCOs+FeCOs,  and  requires:  Calcium  carbonate  50,  magnesium  carbonate  21,  iron  carbon 
ate  29=100.     Manganese  is  also  sometimes  present. 

Pyr.,  etc. — B.B.  like  dolomite,  but  darkens  in  color,  and  on  charcoal  becomes  black  ani 
magnetic ;  with  the  fluxes  reacts  for  iron  and  manganese.  Soluble  with  effervescence  in  th' 
acids. 

Obs. — Occurs  with  siderite  at  the  Styrian  mines ;  in  Bohemia;  Siegen ;  Schneebezg ;  Nov 
Bcotia,  etc. 


MAGNZ3SXTB. 

Rhombohedral.  IiAR=  107°  29',  OAli  =  136°  56' ;  c  =  0-8095 
Cleavage:  rhombohedral,  perfect.  Also  massive;  grannlar,  to  very  coit] 
pact. 

H.=3-5-4-5.  G.=3-308,  eryst.;  28,  earthy;  3-32,  when  ferriferont 
Lustre  vitreous;  fibrous  varieties  sometimes  silky.  Color  white,  yellowisl 
or  grayish-white,  brown.     Transparent— opaque.     Fracture  flat  conchoida^ 

Var. — Ferriferow,  Brefinerlte ;  containing  several  p.  c.  of  iron  protoxide  ;  G.  =8-8'2 
white,  yellowish,  brownish,  rarely  black  and  bituminous;  often  becoming  brown  on  ezpoinir< 
and  hence  called  Brmcn  Spar, 

Oomp. — Magnesium  carbonate,  MgOOs=:  Carbon  dioxide  52 '4,  magnesia  47 '6= 100;  bat  ire 
often  replacing  some  magnesium. 

Pyr.,  etc.— B.  H.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly  aotc 
open  by  cold  acids  ;  in  powder  is  .readily  dissolved  with  effervescence  in  warm  hydroohlor 
acid. 

Obs. — Found  in  talcose  schist,  serpentine,  and  other  niagnesion  rocks ;  as  veins  in  aeipei 
tine,  or  mixed  with  it  so  as  to  form  a  variety  of  verd-anUque  marble  {magn«&iUo  ophMU  < 
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Btiiit) ;  niao  la  Oanndft,  u  a  rock,  more  or  leu  pore,  MBOciated  with  steatite,  Mtpentlaa,  Mid 

Occurs  at  HrabachQtz  in  Moravia;  in  Styria,  and  in  the  l^rol:  tt  Frankeiwtein  in  Sil«aia; 
Snarum,  Norway;  Baudisaera  and  CuttellamoDte  In  Piedmont.  In  America,  at  Bolton,  Mass.; 
at  BareliilU,  near  Baltimore,  Md.  ;  in  Penn.,  at  West  Qoshen,  Chestei  Co.  ;  near  Texas,  Lan' 
carter  Co.  ;  California. 

Mebititb  and  Pistoubstte  oome  under  t)ie  general  (onnnla  (Mg,Fe)CO];  with  the  (ormoi 
Vg  :  Fo=8  : 1 ;  with  the  Iatter=l :  1. 

SIDBRITE.    Spathic  Iron.     Chalyblto.  Eisenspath,  Otrm. 

Ehonibohedrul.  TZaT^^IOT",  C^  a  i^  =  136°  37';  c  =  0-81715.  The 
faces  often  curved,  as  below.  Cleavage :  rhom- 
bohedral,  j^wrfect.  Twiiia :  twinning- plane  —i. 
Also  in  botjyoidal  and  globnlar  f(n'nis,  sub- 
fibroiiB  witliin,  occasionally  silky  fibi-oue.  Often 
cleavalile  nia.'^sive,  with  cleavage  planes  nndii- 
lating.     (Joarae  or  tine  gi-anuiar. 

II.=3'5-4'5.  G.=3- 7-3-9.  Lneti-e  vitreous, 
more  or  less  pcailj-.  Streak  white.  Color  afih- 
gniy,  ye!  In  wish-gray,  greenish-gray,  also  brtuv-n 
and  brownish-red,  rarely  green  ;  and  sometimes 
white.  Translnccnt — sub  trans  In  cant.  Fracture 
uneven.     Brittle. 

Oomp.,  Var. — Iron  t»Tbonate,PeCOi  =  OarlKin  dIoKide  37'9.  iron  protoxide  63-1,  But  part 
of  the  inm  nmially  replaced  bj  manganese,  and  often  by  magnesium  or  calciam.  Sone 
Tvieties  contain  8-10  p.  c.  MnO. 

The  principal  varietirs  are  tho  following: 

(1)  Orilimiri/.  (n)  Crj/'liiUi^ed.  (i)  Voncretiimary  =  fiplierrmdeTHe  ;  in  globular  concretiona, 
elUicr  Bolid  or  concentric  scaly,  with  usually  a  flbrous  stroctnre.  [e\  Oranuitr  to  eompaet  mat- 
tice.  (rf)  OOliU'e,  like  oijlitic  limestone  in  structure,  (e)  Enrthy,  or  atony,  impure  Irooi 
mixture  with  clay  or  sand,  constituting  a  large  part  of  the  clay  ironetone  of  the  coal  forma- 
tion and  other  Btrjtifiod  dsposita;  H.=3  to  7,  the  last  from  the  silica  present;  Q.=.'i0-3-8, 
or  mostly  ;tl5-3fi5. 

Pyr.,  etc. — In  the  closed  tube  ilecrepitatea,  erolvea  carbon  oxide  and  carbon  dioxide, 
blackens  an<l  becomes  maguetia  B.B.  blackens  and  fuses  at  4  5.  With  the  fluxes  reacts  for 
iron,  and  with  soda  and  nitre  on  platinum  foil  generally  gives  a  manganese  reaction.  Only 
slowly  acted  upon  by  cold  acid,  bnt  disBolveH  with  biisk  eServeBcence  in  hot  hydrochloric  aoid. 

Din.^Specific  gravity  higher  than  that  of  calcite  and  dolomite.  B.B.  becomes  magnatie 
readily. 

Obs.— Side  rite  occurs  in  many  of  Ihe  rock  strata,  in  gneiss,  mica  slate,  clay  slate,  and  as 
olay  iron-Btone  in  txmnection  with  the  Coal  formation  and  many  other  Btratitied  depoHlta.  It 
is  often  ossooialei'  with  metallic  ores.  At  Freiberg  it  occurs  in  silver  mines.  In  Cornwall  it 
accompanies  tin.  It  ia  also  found  accompanying  copper  and  iron  pyrites,  golenite,  vitromia 
copper,  etc  In  New  York,  according  to  Beck,  it  ia  almost  aliraya  associated  with  apeculai 
iron.  In  the  region  in  and  about  Styria  and  Carinthia  this  ore  forma  extenaive  tracts  in  gneiss. 
At  Haragerode  in  the  Hon,  it  occurs  in  fine  crystals;  also  in  Cornwall,  Alston-Moor,  and 
DeTOnnbire  ;  near  (ilasgow  ;  also  at  Mouillsr,  Mageacote,  etc.,  in  France,  etc. 

In  the  U,  States,  in  Vermont,  at  Plymonth.  Id  M'm..  at  Sterling.  In  Conn.,  at  Roxbnry, 
In  N.  York,  at  the  Sterling  ore  bed  in  Antwerp,  Jefferson  Co. ;  at  the  Rossie  iron  rolnea,  St. 
Lawrence  Co.  In  N.  Carolina,  at  Fentress  and  Harlem  minea.  The  argillaceous  carbonate, 
in  nodulea  and  beda  (clay  iron-atone),  is  abundant  in  the  coal  r^ons  of  Penn.,  Ohio,  and  maiv 
parts  ot  the  country. 

RHODOOBROSITB."  Dialoglte,    Hanganspath,  0«rM, 
Rhombohedral.      IiAB=106''   51',   OAJi=136°  31^';   ^  =  0-8211. 
Cleavage:  .£,  perfect.      Also  globnlar  and  botryoidal,  having  a  columuai 
structure,  sometimes  indistincL     Also  granular'niauive;  oceasionolly  im 
paljMible;  incriiBting. 
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H.=3'5-4*5.  G.=3*4-3'7.  Lustre  vitreous,  inclining  to  pearly.  CSoloi 
shades  of  rose-red,  yellowish-gray,  fawn-oolorcd,  dark  red,  bix)wn.  Streak 
white.     Translucent — subtranslucent.     Fracture  uneven.     Brittle. 

Comp. — MnCOs= Carbon  dioxide  38*3,  manganese  protoxide  01'?;  but  part  of  the  man- 
ganew  umuUlj  replaced  by  oalciom,  and  often  also  by  magnesium  or  iron  ;  and  sometimes  by 
cobalt. 

Pyr.,  etc. — B.B.  changf  s  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is  in- 
fusible. With  salt  of  phosphorus  and  borax  in  CF.  g^ves  an  amethystine-colored  bead  in 
lUF.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish -green  mauganate.  Dissolres 
with  effervescence  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown,  and 
some  bright  rose-red  yarieties  become  paler. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead,  and  copper,  and  with  other 
ores  of  manganese.  Found  at  Schemnitz  and  Kapnik  in  Hungary  ;  Nogyug  in  Transylvania ; 
near  Elbing^erode  in  the  Harz ;  at  Freiberg  in  Saxony. 

Occurs  in  New  Jersey,  at  lline  Hill,  Franklin  Furnace.  Abundant  at  the  silver  minee  of 
Austin,  Nevada ;  at  Placentia  Bay,  Newfoundland. 

Named  rhodoehronte from  ^^9oy,  a  rose,  and  xp^<^»  color;  and  dUdogite^  from  SioXoy^,  donbt. 


SMITUSOMITE.    Calamine  pt     Galmei  pt     Zinkspath,  Oerm. 

Rhombohedral.  JiAli=  107^  40',  OaR  =  137°  3' ;  c  =  0-8062.  Ji 
generally  curved  and  rough.  Cleavage :  li  perfect.  Also  reniform,  botry- 
oidal,  or  stalactitic,  and  in  crystalline  incrustations;  also  gnuiular,  and 
sometimes  impalpable,  occasionally  earthy  and  friable. 

H.=5.  G.=:4r-4'45.  Lustre  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish-white,  sometimes  green 
and  brown.  Subtransparent — translucent.  Fracture  uneven — imperiectly 
conchoidal.     Brittle. 

Comp.,  Var. — ZnGOi= Carbon  dioxide  35*2,  sine  oxide  648=100;  but  part  of  the  due. 
often  replaced  by  iron  or  manganese,  and  by  traces  of  calcium  and  magnesium  ;  sometimes 
by  cadmium. 

Varieties. — (1)  Ordinary,  (a)  G^-ystaUized ;  {b)  botryaidal  and  stalactitic:,  common;  (<?) 
graniUar  to  compact  massice ;  (d)  eartJiy,  impure,  in  nodular  and  cavernous  musses,  varying 
from  grayish- white  to  dark  gray,  brown,  brownish-red,  brownish-black,  and  often  with  dnisy 
surfaces  in  the  cavities ;  '' dry-bone"  of  American  miners. 

P3rr.,  etc. — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  anil 
oolorless  on  cooling.  B.B.  infusible;  moistened  with  cobalt  solution  and  heated  in  O.F.  gives 
a  green  color  on  cooling.  With  soda  on  charcoal  gives  sine  vapors,  and  coats  the  coal  yellow 
while  hot,  becoming  white  on  cooling ;  this  coating,  moistened  with  cobalt  solution,  gives  a 
green  color  after  heating  in  O.  F.  Gadmiferous  varieties,  when  treated  with  soda,  give  at 
first  a  deep  yellow  or  brown  coating  before  the  sdnc  coating  appears.  With  the  fluxes  somo 
varieties  react  for  iron,  copper,  and  manganese.  Soluble  in  hydrochloric  acid  with  efferyea- 
oence. 

Diff. — Distinguished  from  calamine  by  its  effervescence  in  acids. 

Obs. — Smithsonite  is  found  both  in  veins  aud  beds,  especiaUy  in  company  with  galeuite 
and  blende  ;  also  with  copper  hiid  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  ia 
generally  associated  with  calamine,  and  sometimes  with  limonite.  It  is  often  produced  bj 
the  action  of  zinc  sulphate  upon  calcium  or  magnesium  carbonate. 

Found  at  Nertschinsk  in  Siberia ;  at  Doguatzka  in  Hungary ;  Bleiberg  and  Raibcl  in  Carin- 
thia;  Moresnct  in  Belgium.  In  England,  at  Rough  ten  Gill,  Alston  Moor,  nenx  Matlock,  in 
t^e  Mendip  Hills,  and  elsewhere ;  in  Scotland,  at  Leadhills;  in  Ireland,  at  Donegal. 

In  the  U.  States,  in  N.  Jersq/^  at  Mine  Hill,  near  the  Franklin  Furnace.  In  Pcnn.^  at 
Lancaster  abundant ;  at  the  Perkiomen  leud  mine  ;  at  the  Ueberroth  mine,  near  Bethlehem* 
In  Wisconsin^  at  Mineral  Point,  ShuUsburg,  etc.  In  Minnesota^  at  Rwing's  diggings,  N.  W. 
of  Dubuque,  etc.  In  Miatouri  and  Arlummu^  along  with  the  lead  ores  in  Lower  Silurian 
Umestone . 


OZTOXH    COKPOiniDe. — OASBONATSL 


Aragonite   Oro'wp. 


AKAOONITB. 


OrtliorhomWc  7a7=116°10',  0  a  1-i  =  130°  50' ;  h:l:  &  —  \-V!>1\ 
\  1-6055  :  1.  0  A  1  =  126°  15',  (9  A  1-s  =  137"  15',  1-i  A 14,  top,  =  108° 
26'.  Crystals  usually  having  -O  Btriated  parallel  to  the  shorter  diagonal ; 
often  tapering  from  the  presence  of  acute  domes  and  pyramids,  whiuTi  have 
iintiBtial  iiidiires.  Cleavage:  /  imperfect;  ifi  distinct;  l-I  imperfect 
Twins:  twiniiing-plane  /,  producing  often  hexagonal  forms,  f.  738,  compare 
fi<];nres  on  pp.  98,  97.  Twinning  often  many  times  repeated  in  the  same 
crvfital,  proini;ingsui!ce8ei(-o  rovereed  layers,  the  alteinate  of  which  may  be 
exceedingly  thin ;  often  so  delicate  as  to  pi-oduce  by  the  succession  a  line 
striation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  globalar, 
reniform,  and  corulloidal  shapes;  sometimes  columnar,  composed  of 
straight  and  divergent  iibres;  also  Etalactitic ;  incrustiug. 


/f^^ 


\\Jss 


Ji,=3'5-4,  G.=2-931,  Haidinger.  Lnstre  vitreous,  sometimes  inclin- 
ing to  resinous  on  surfaces  of  fracture.  Color  white ;  also  gray,  yellow, 
gi'ceii,  and  violet ;  streak  uneolored.  Tran8]5arent — translucent.  Fracture 
snbconchuidal.     Brittle. 

Tar. — 1.  Ordinary,  (a)  Cijirtalliied  in  aimple  or  oompoiuid  oiystalB,  ths  latter  mach  Um 
mo3C  commOQ  ;  often  in  ntdiatiiig  grinip*  of  noioiilar  dTstala.  {b)  Colnmnar;  a  fina  Sbioat 
Turietf  vrith  ailkj  IubUb  u  called  Satin  tpar.  {e)  HaniTB.  Staiaetitie  or  Wtiaipnitu  (^thw 
compact  or  Qbroufi  in  Btractaiel,  u  with  oaIoir« ;  SpnuUbUia  ia  stalactitio  from  Caritbad. 
C'oralloiilai  ;  in  gronpings  of  delicate  interUcing  and  coaleaoing  Btemi,  of  ft  moir-white  o<doi, 
tud  looking  a  little  like  coral. 

Oomp CaCOi,  like  calcit«,=CaTbon  dioxide  44.  limeRlt^IOO. 

Pyr.,  etc. — 11  B.  whitens  and  talla  to  pieces,  and  sometimei.  when  containing  BtrontiA,  im- 
piirtf  a  more  iaieniiel;  red  color  to  the  flame  than  lime ;  otiiarwiae  teaota  like  oalaiM. 

DiS.— Sea  calciCe,  p.  401. 

Ob*.  —The  meet  common  rcpoaitoriea  of  anigtmile  are  beds  of  gTpmm,  beds  of  Iron  om 
where  it  oocma  in  coralloida]  forma,  and  is  denominated  Jbt-ferri,  "floatr  of  irou,"  BiHi^ 
MilChe,  Oeri/i.),  basalt,  and  trap  lock;  oooomonnlly  it  ooonn  inlavaa.  It  Is  often  aawMlatMl 
■cith  copper  and  p^rite,  galenite,  and  malaohita. 

Firat  discovered  in  Aragoa,  Spain  (whence  ita  name),  at  Molina  and  Valencia.  Sum 
{onnd  at  BUin  in  Bohemia ;  at  Herteiignuid  in  Hnngaij,  f.  738;  at  BMungartenin^kd^; 
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ftt  LeogADg  in  SaUbnrg ;  in  Waltsoh,  Bohemia,  and  many  other  places.  The  JloHjerri  varfac^ 
is  found  in  great  perfection  in  the  Styrian  mines.  In  Backinghamishire»  Devonshire,  in 
oayeins;  at  LeadhiUs  in  Lanarkshire. 

Occnrs  in  serpentine  at  Hoboken,  N.  J.;  at  Edenville,  N.  Y.;  at  the  Parish  ore  bed,  Bossie, 
N.  Y.;  at  Haddam,  Conn.;  at  New  Garden,  in  Chester  Co.,  Penn.;  at  Wood*s  Mine,  LancaA' 
ter  Co.,  Penn.;  at  Warsaw,  111.,  lining  geodes. 

Manoanocalcite. —Composition  2]£iC0s-{-(Ca,Mg)C0t,  with  a  little  iron  replacing  pari 
of  the  manganese.     G.  =3*037.     Color  flesh-red  to  reddish-white.     Sohemnitz,  Hungary. 


780 
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WITHERTTE. 

Orthorhombic.     /A  /=  118°  30',  O  Al-i  =  128°  45' ;  c\b:d=:  1*246  : 

1'6808  :  1.  Twins  :  all  the  annexed  figiu-es,  coin- 
position  parallel  to  /;  reentering  angles  some- 
times observed.  Cleavage:  /  distinct;  also  hi 
globular,  tuberose,  and  botryoidal  forms;  struc- 
ture either  columnar  or  granular ;  also  amor- 
phous. 

H.=3-3-75.  G.=4:'29-4-35.  Lustre  vitreous, 
inclining  to  resinous,  on  surfaces  of  fracture. 
Color  white,  often  yellowish,  or  grayish.  Streak 
white.  Subtransparent — translucent.  Fi*acture 
uneven.     Brittle. 

Oomp.—BaC0,= Carbon  dioxide  22  3,  baryta  77*7-100. 
Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame  yel- 
lowish-g^reen;  after  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  soda  fuses  easily,  and  is  absorbed  by  the  coal.  Soluble 
in  dilute  hydrochloric  acid;  this  solution,  even  when  very  much  diluted,  gives  with  sulphuric 
acid  a  white  precipitate  which  is  insoluble  in  acids. 

Diff. — Distinguishing  characters :  high  specific  gravity  ;  effervescence  with  acids ;  green 
coloration  of  the  flame  B.  B. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland ;  at  Fallowfield,  near  Hexham  in  Northumber- 
land ;  Tarnowitz  in  Silesia  ;  Leogaog  in  Salzburg  ;  Peggau  in  Styria ;  some  places  in  Sicily  ; 
the  mine  of  Arqueros.  near  Coquimbo,  Chili ;  near  Lexington,  Ky.,  with  barite. 

Witherite  is  extensively  mined  at  Fallowfield,  and  is  used  in  chemical  works  in  the  mana* 
facture  of  plate-glass,  and  in  France  in  making  beet- sugar. 
BBOMLrrE. — Formula  as  for  barytocalcite,  but  orthorhombic  in  form. 
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8TRONTIANITI!. 

Orthorhombic.     /A  /=  117°  19',  0  A  1-i  =  130^  5' ;  c:b:d  =  1'1S83  : 

1-6421  :  1.  0M  =  125°  43',  OM'l  =  144°  6  , 
1  A  1,  mac,  =  130°  1',  1  A  1,  bracli.,  =  92^  11'. 
Cleavage :  /  nearly  perfect,  i-l  in  traces.  Crys- 
tals often  acicular  and  in  divergent  groups. 
Twins:  like  those  of  aragonite.  O  usually  stri- 
ated parallel  to  the  shorter  diagonal.  Also  in 
columnar  globular  forms ;  fibrous  and  granular. 
H.=3-5-4.  G.=3-G05-3-713.  Lustre  vitre- 
ous ;  inclining  to  resinous  on  uneven  faces  of 
fracture.  Color  pale  asparagus-green,  apple-green  ;  also  white,  gray,  yel- 
low,  and  yellowish-brown.  Streak  white.  Transparent — translucent 
Fracture  uneven.    Brittle. 


OXVOES  OOMFODNDS. — OASBONATES. 


407 


Comp.— 8[COi=Oaiboii  diuzide  397,  BtrontU  70'3;  but  &  Bmall  part  of  tlie  atTontiiui 
often  replaced  bj  oalciom. 

Pyr.,  etc. — B.B,  swells  np,  throws  ouC  minute  spionta,  fuses  onl;  on  the  thin  edges,  and 
colors  the  flume  stJODtia-red ;  the  assay  reacU  alkaline  after  ignition.  Muisteued  with  hjdTO- 
chloric  acid  and  treated  either  B.B.  or  in  Che  naked  lamp  gives  un  intense  red  ooloi.  With 
soda  OQ  charcoal  the  pure  mineral  fuses  to  a  clear  glass,  ood  is  entirely  a(«orbed  by  the  cos]  | 
if  hioe  or  iron  be  present  they  are  separated  and  remain  on  the  surface  of  the  coal.  Soluhls 
ill  hydrochlorio  odd ;  the  dilute  solittion  when  treated  with  sulphuric  ucid  gives  a  white  pre- 

Diff. — Differa  from  related  minerals,  not  oarbonatas,  in  effervescing  with  acids ;  lowar 
rpecihc  gravity  thiin  witherite,  and  colors  the  Qame  rfd. 

Obi Occurs  at  StrontiaQ  in  Argjleshire ;  in  Yorluhire,  England ;  Qiaut's  Canseway,  lie- 

laod ;  Clau-tlial  ill  the  Harz  ;  Dii^uiisdorf,  Saxony  ;  Leogang  in  Salzburg.  In  the  V.  Statu 
it  occurs  at  Schoharie,  H.  Y.,  in  granular  and  columnar  masses,  and  also  in  crystola.  At 
Muscolonge  Ltdce;  at  Chaumont  Bay  and  Theresa,  in  Jefferson  Co.,  N.  Y.  ;  MiflliaCo.,  Penn 


OEBJJSBmi,    Weisableieiz,  Bleispath,  C^rm. 

Oithoihoinbic.  /A  /=  117"  18',  (9  A  1-i  =  130"  94' ;  c:h:d=  l-186a 
:  1-638S  :  1.  O  A  1  =  125° 
40-,  0M'i=l'i4:°  8',  lAl, 
mac.,  =  130^  1  A  1,  brac.h.,  = 
02°  19'.  Cloavage:  /  often 
imiierfcct ;  '2-t  liardlj-  less  so, 
CrvMtiils  imiiall;*-  rhiii,  bmad, 
Hiid  biittlu ;  ii()tiietiiiiL-ii  sKiiit. 
Twins  :  very  Cdiiniion  ;  twin- 
ning-plane  If  imHliioiiij;  tisu- 
ally  cruciform  or  stellate 
forms;  also  less  i-omtnonly, 
twiuning-plaiie  i-l,  liarely 
fibi-oiis,  often  granular  mas- 
sive and  unnpiiet.     SnnietiraeB  stalactitie. 

lI.=3-3  5.  G.=6-46o-6-480 ;  some  earthy  varieties  as  low  as  5*4. 
Lustru  adamantine,  inclining  to  vitreous  or  resinous;  soinetiines  pearly; 
sometimes  siibrnetullic,  if  the  colors  are  darli,  or  from  a  siiperiicial  cliange. 
(.\ilor  white,  gray,  grayish -black,  sometimea  tinged  blue  or  gi-een  by  some 
iii  tho  siiUs  of  copper;  streak  niitiolored.  Transparent — eubtrauslncent 
Kractuie  conchoidal.     Very  brittle. 

Oomp.— PbCOi=Csrbon  dioxide  16'6,  lead  oxide  63-9^100, 

Pyr.,  etc —  In  the  clo«ed  tabe  decrepitates,  loses  carbon  dioxide,  tnms  first  yellow,  and  at 
a  higher  temperature  dark  red,  bnt  becomes  yellow  again  on  cooling.  B.B.  on  charcoal  fuses 
very  easily,  and  in  R.F.  yields  metallic  lead.     Soluble  in  dilate  nitric  add  wicheffecresoenoe. 

DiS. — Unlike  aoglexite,  it  eSerresces  with  nitrio  acid.  Characterized  by  high  speciSc 
gravity,  and  yielding  lead  B.B. 

Ob». — Occurs  in  c^iunection  with  other  lead  minerals,  and  is  formed  fro-u  galeuite,  which, 
tM  it  pofiseii  to  a  sulphate,  may  be  changed  te  carbonate  by  means  ot  solutions  of  oalciuni 
bicarbonate.  It  is  found  at  Johonngeorgensladt ;  at  Nertschiuak  aud  Beresof  in  Siberia;  at 
Clausthal  in  the  Uan  ;  at  Bleibcrg  in  Cariuthia ;  nt  Mien  and  Przibram  in  Bohemia ;  at  Reti- 
hanya.  Hungary;  in  Kngland,  lu  Cornn-all;  near  Matlock  and  Wicksworth.  Derbyshitei  at 
Leadhills,  Scotland ;  in  VVicklow,  Ireland. 

Found  in  i'fJin.  at  Pheniiville  ;  at  Porkiomcn.  luA'.  F<>rA,  attbeBossie  lead  taine.  lo 
ViTffiiuti.  at  Austiu's  miueH.  Wythe  Co,  la  N.  CaruHaa.  at  Kingr'ii  mine.  Davidson  Oo. ,  good. 
In  Wisconsin  nnd  other  lead  mines  of  the  northweatcm  Staten,  ratelT  in  crystals;  near  ths 
Blue  Hootidfs  HiM.,  i 
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BARTTOCALOTTE. 


Monoclinic.  C  =  73^  52',  /a  /=  106°  54',  (9  A 14  =  149" ;  ^ :  8  :  rf  = 
0*81035  :  1*29583  :  1.     Cleavage :  /,  perfect ;  O,  less  perfect ;  also  massive. 

H.=4.  G.=3'6363-3*66.  Lustre  vitreous,  incliuiug  to  resinous.  Color 
white,  grayish,  greenish,  or  yellowish.  Streak  white.  Transparent — 
translucent.     Fracture  uneven. 

Oomp. — (Ba,Ca)COi,  where  Ba  :  Ca=l  :  1= Barium  carbonate  66*3,  calcium  carbomtfc€ 
88-7-100. 

Pyr.,  etc. — B.B.  colors  the  flame  yellowish-green,  and  at  a  higher  temperature  fuses  oc 
the  thin  edges  and  assumes  a  pale  green  color ;  the  assay  reacts  alkaline  after  ignition.  With 
the  fluxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  as  an  infusibla 
mass,  while  the  remainder  is  absorbed  by  the  coal.     Soluble  in  dilute  hydrochloric  acid. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland,  in  the  Subcarboniferous  or  mountain  lime- 
stone. 

Pakisite. — A  carbonate  containing  cerium  (also  La,Di)f  and  calcium  with  6  p.  c.  fluorine. 
Exact  composition  uncertain.  In  hexagonal  crystals.  Color  brownish-yellow.  Muro  valley. 
New  Granada.  Kischtimite,  from  the  gold  washing  of  the  Barsovska  river,  Urals,  is  similaz 
in  composition,  but  contains  no  calcium. 

Bastkasite  (Hamartite). — Composition  2RC0s-f  RF^,  with  R=Ce  :  La=2  :  8.  Analysia, 
NordenskioM,  CO,  19*50,  LaO  45*77,  CeO  28*49,  H,0  101,  F,0,  (5-23)=100.  Found  m  small 
masses  imbedded  between  allanite  ciystals.     Eiddarhyttan,  Sweden. 

PHOSGENITE.    Bleihomerz,  Oerm, 

Tetragonal.  (9Al-i=132°  37';  c  =  1-0871.  Cleavage:  /  and  iri 
bright ;  also  basal. 

H.— 2'75--3.  G.=6-6'31.  Lustre  adamantine.  Color  white,  gray,  and 
yellow.     Streak  white     Transparent — translucent.     Rather  sectile. 

Oomp. — PbC03-f-PbCla=Lead  carbonate  49,  lead  chloride  51=100,  or  lead  oxide  81*9,  car- 
bon dioxide  81,  chlorine  13-0=102'9. 

Pyr.,  etc. — B.  B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white  and 
crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lead  chloride. 
With  a  salt  of  phosphorus  bead  previously  saturated  with  oopper  oxide  gives  the  ohlorina 
reaction.     Dissolves  with  effervescence  in  nitric  acid. 

Obs. — ^At  Ctomford  near  Matlock  in  Derbyshire  ;  very  rare  in  Cornwall ;  in  large  ozyitak 
at  Gibbau  and  Monteponi  in  Sardinia ;  near  Bobrek  in  Upper  Sileeia. 


HYDROUS   CABBONATJfib. 
TRONA. 

Monoclinic.  O  A  t-e  =  103*^  15'.  Cleavage:  i-i  perfect.  Of  ten  fibroufl 
or  columnar  massive. 

H.=2'5-3.  G.=211.  Lustre  vitreous,  glistening.  Color  gray  or  jol- 
lowish-white.  Translucent.  Taste  alkaline.  Not  altered  by  exposure  to 
a  dry  atmosphere. 

Oomp — Na4C308-l-8aq=Carbon  dioxide  402,  soda  87-8,  water  220. 

Pyr.,  etc. — In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an  intenselj 
yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts  alkaline 
with  moistened  test  paper. 

Obs. — The  specimen  analyssed  by  Klaproth  came  from  the  province  of  Suckenna,  two  dajo^ 
ionmey  from  Feuen,        ica.     To  this  species  belongs  the  urao  found  at  ths  bottom  of  a  lakit 
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in  Maraoftibo,  S.  A. «  a  day's  jonmey  from  Merida.    Effloresoenoes  of  trona  ocoar  near  tli€ 
Sweetwater  riTer^  Bocky  Moiintaina,  mixed  with  aodinm  solphate  and  common  salt. 

Natron  or  Soda  (sodium  carbonate,  NasGOs+lOaq).     Thebmonatbitb,  NasOOs+ 
Tbbcuevachbbite,  Ammonium  carbonate. 


Maracaibo. 


Nevada. 


GAT-LUSSITB. 

Monoclinic.     C  =  78°  27',  /A  /=  68°  50'  and  111°  10',   (9  A 14  =  125 
15' ;    c\b\d-  0-96945  :  0-67137  :  1. 

l-i  A  14,  adj.,  =  109°  30',  i  A  i  =  110°  ^^'^  '^^ 

3U'.  Crystals  often  lengthened,  and 
prismatic  in  the  direction  of  14;  also  in 
that  of  \ ;  also  (f  r.  Nevada^  not  elongate, 
but  thin  in  the  direction  oi  the  orthodia- 
gonal,  0  beinor  very  narrow  or  wanting ; 
surfaces  usually  uneven,  being  formed 
of  minute  subordinate  planes.  Cleav- 
age :  /  perfect ;  O  less  so,  but  giving  a 
reflected  image  in  a  strong  light. 

H.=2-3.  G.=l  •92-1*99.  Lustre  vitreous.  Color  white,  yellowish- 
white.  Streak  uncolored  to  grayish.  Translucent.  Fracture  conchoidaL 
Extremely  brittle.     Not  phosphorescent  by  friction  or  heat. 

Oomp. — Na9COi  +  CaCOs+5aq=Sodiam  carbonate  35-9,  calcimn  carbonate  88 '8,  water 
80 -8=100. 

Pyr.,  etc. — Ileated  in  a  matrass  the  crystals  decrepitate  and  become  opaqne.  B.B.  fnses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yeUow.  With  the  nnxes  it  behayes 
like  calcium  carbonate.  Dissolves  in  adds  with  a  brisk  effervescence ;  partly  soluble  in  water, 
and  reddens  turmeric. 

Obs. — Abundant  at  Lagunilla,  near  Merida,  in  Maracaibo,  where  its  crystals  are  dissemi* 
nated  at  the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao  ;  the  natives  call  it  daiwi^ 
or  naili^  in  allusion  to  its  crj'stalline  form.  Also  on  a  smaU  island  in  Little  Stdt  Lake,  near 
Bagtown,  Nevada,  about  li  m.  S.  of  the  main  emigrant  road  to  Humboldt.  The  lake  is  in  a 
crater-shaped  basin,  and  its  waters  are  dense  and  strongly  saline. 

The  distorted  crystals  from  Sangerhausen  have  been  long  considered  pseudomorphs  after 
gay-lussite,  though  Des  Cloizeaux  regards  them  as  pseudomorphs  after  celestite.  Groth 
regards  them  as  |)crhaps  pseudomorp&  after  anhydrite.     See  also  thinolite,  p.  438. 


HTDROBCAONBSITB. 

Monoclinic.      (7=82*'-83°,  7a/=87^  52'-88^  OA2-i  =  137 
:  d  =  (nearly)  0455  :  1*0973  :  1.     Crystals  small,  usually 
acicular  or  bladed,  and  tufted.     Also   amorphous ;   as 
chalky  or  mealy  crusts. 

H.  of  crystals  3-5.  G.=2-li5-2'18,  Smith  &  Bnish. 
Lustre  vitreous  to  silky  or  subpearly ;  also  eaithy.  Color 
and  streak  white.     Brittle. 

Oomp. -8MgGO»+H3MgOa+3aq=Garbon  dioxide  86*8,  magnesia 
48-9,  water  19 -5= lOa 

Pyr.,  etc. — In  the  dosed  tube  gives  off  water  and  carbon  dioxide. 
B.B.  infusible,  but  whitens,  and  the  assay  reacts  alkaline  to  tuimerio 
paper.  Soluble  in  adds ;  the  dystalline  compact  varieties  are  but 
slowly  acted  upon  by  cold  add,  but  dissolvee  with  effervescence  in  hot 
add. 
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Obi. — OoooiB  at  HrobBoMts,  in  Moravia,  in  serpentine ;  in  Negroponte,  near  Komi ;  at 
Kaiserstuhl,  in  Baden,  impure.  In  the  IT.  States,  near  Texas,  Lancaster  Co.,  Penn. ;  at 
Hoboken,  N.  J. 

Htdrodolomite. — Composition  3(Ca  Mg)C03 -i- aq.  From  Mt  Somma.  Pa^nttb  from 
Texas,  Pa. ,  is  similar. 

Pbedazzitb  and  Pencatite  are  mixtures  of  calcite  and  brucite.     Tyrol. 

DAW80NITE. — In  thin-bladed,  white,  transparent  crystals  on  trachyte.     H.  =3.     G.  =2*40 
Analysis,  Harrington,  M0»  32  84,  MgO  tr.,  CaO  5i)5,  Na.O  2020,  K.O  0  38,  H^O  11-91.  CO, 
2U  8-'^,  SiOa  0*40=101*56.     Regporded  as  ^*  a  hydrous  carbonate  of  aluminum,  calcium,  and 
sodium ;  or  perhaps  as  a  hydrate  of  aluminum  with  carbonates  of  calcium  and  sodium.** 
Montreal,  Canada. 

HoviTB — Supposed  to  be  a  hydrous  carbonate  of  aluminum  and  calcium.  Soft,  white, 
Bad  fiiable ;  earthy  in  fracture.     From  Hove,  near  Brighton,  with  ooUyrite. 


IaANTHANITB. 

Orthorhombic.  /A  7=  93^  30'-94:^  Blake,  92°  46',  v.  Lang  ;  7a1  :^ 
142°  86' ;  c:l:a=:  0-99898  :  1-0496  :  1,  v.  Lang.  In  thin  four-sided 
plates  or  minute  tables,  with  bevelled  edges.  Cleavage  micaceous.  Also 
nne  granular  or  earthy. 

H.=2-5— 3.  G.=2-666.  Lustre  pearly  or  dull.  Color  grayish- white, 
delicate  pink,  or  yellowish, 

Comp — LaC0s+3aq=Lanthaua  52*6,  carbon  dioxide  21 '8,  water  26*1=100.  There  ia 
some  oxide  of  didymium  with  the  lanthana,  according  to  Smith. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  infusible  ;  but  whitens  and  becomes 
opaque,  silvery,  and  brownish ;  with  borax,  a  glass,  slightly  bluish,  reddish,  or  amethystine, 
on  cooling ;  with  salt  of  phosphorus  a  glass,  bluish  amethystine  while  hot,  red  cold,  the 
bead  becoming  opaque  when  but  slightly  heated,  and  retaining  a  pink  color.  Efferyesoea  in 
the  acids. 

Obs. — Found  coating  cerite  at  Bastnu8,  Sweden;  also  with  the  2dnc  ores  of  the  Sauoon 
raUey,  Lehigh  Co.,  Pa. ;  at  the  Sandford  irc>n-ore  bed,  Moriah,  Essex  Co..  N.  T. 

T£NOERiTB. — Yttrium  carbonate.     As  a  o  'ating  on  gadolinite  from  Ttterby. 

Zabatite.  Emerald  Nickel,  tSiUiman.  Nickelsmaragd,  Germ. — Composition  NitCO«4- 
6aq,  or  NiCOa  +  2HvNiOi-»-4aq.  This  requires;  Carbon  dioxide  ITS.  nickel  oxide  69*8, 
water  28 "9= 100.  Usually  as  an  emerald-green  coating;  thus  on  chromite  at  Texas,  Penn  , 
where  it  was  first  noticed  ;  Swinaness,  Shetland;  Cape  Ortcgal,  Spain. 

Bkminqtonitb. — A  bydrous  cobalt  carbonate.     Finksbuig,  Md. 


HYDROZINOITB.    ZinkblUthe,  Germ. 

Massive,  earthy  or  compact.  As  incrustations,  the  crusts  sometimes  con- 
centric and  agate-like.     At  times  reniform,  pisolitic,  stalactitic. 

H.=2-2-5.  G.=3'58-3-8.  Lustre  dull.  Color  pure  white,  grayish  or 
yellowish.     Streak  shining.     Usually  earthy  or  chalk-like. 

Oomp.— In  part  ZnCO,  +2HaZn03= Carbon  dioxide  13  G,  zinc  oxide  75-3,  water  11-1=100. 

P3rr.,  etc. — In  the  closed  tube  yields  water ;  in  other  respects  resembles  smithaonite. 

Obs.--— Occurs  at  most  mines  of  sine,  and  is  a  result  of  the  alteration  of  the  other  ores  of 
thia  metaL  Found  in  great  quantities  at  the  Dolores  mine,  Udias  vaUey,  province  of  Kantaa* 
der,  in  Spain  ;  at  Bleiberg  and  Baibel  in  Carinthia ;  near  Reimsbeck,  in  Westphalia 

In  the  U.  States,  at  Friedonsville,  Pa.;  at  Linden,  in  Wisconsin;  in  Marion  Co.,  i^rkanaai 
(marionite), 

AURicnALCiTB. — A  cupreous  hydroziacite.  Usually  in  drusy  incrustations.  Altai* 
Ifatlook,  Derbyshire;  Spain;  Lancaster,  Pa. 
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MAJJLOBrm. 

Monoclinic.  O  =  88°  32',  /A  /=  104°  28',  i-i  A  -1-t  =  118°  15',  Zepham 
vich ;  c  :  b  :  d  =  0*51155  :  1*2903  :  1.  Common  form 
f .  750  ;  also  same  with  other  terminal  planes ;  also  with 
i-i  wanting ;  also  with  i-i,  i-l  very  large,  making  a  rect- 
angular prism ;  also  with  the  vertical  prism  very  short, 
as  in  f.  321.  Crystals  rarely  simple.  Iwins  :  twinning- 
plane  i-i,  f.  750;  often  penetration  twins,  as  in  f.  321, 
322,  p.  99.  Cleavage  :  basal,  highly  perfect ;  clino- 
diagonal  less  distinct.  Usually  massive  or  incrusting, 
with  surface  tubei'')se,  botryoidal,  or  stalactitic,  and  struc- 
tnre  divergent ;  often  delicately  compact  iibrous,  and 
banded  in  color  ;  frequently  granular  or  earthy. 

H. =3-5-4.    G.=3-7-4-01.    Lustre  of  crystals  adaman- 
tine, inclining  to  vitreous ;  of  fibrous  varieties  more  or 
less  silky ;  often  dull  and  earthy.    Color  bright  green.    Streak  paler  green. 
Translucent — subtranslucent — opaque.     Fracture  subconchoidal,  uneven. 


H 


Oomp.— Cu3C04+HsO=CuC03  +  HaCaOa=CarboD  dioxide  19*9,  copper  oxide  71*9,  watex 

«-2=iao. 

P3rr',  etc. — In  the  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the 
flame  emerald-green ;  on  chai'coal  is  reduced  to  metallic  copper  ;  with  the  fluxes  reacts  like 
tenorite.     Soluble  in  acids  with  effervescence. 

I>iff. — Differs  from  other  copper  ores  of  a  green  color  in  its  effervescence  with  acids. 

Obs. — Green  malachite  accompanies  other  ores  of  copper.  Perfect  crystals  are  quite  rare. 
Occurs  abundantly  in  the  Urals ;  at  Cheesy  in  France ;  at  Bchwatz  in  the  Tyrol ;  in  Cornwall 
and  in  Cumberland,  England ;  Sandlodge  copper  mine,  Scotland  ;  Limerick,  Waterford,  and 
elsewhere,  Ireland ;  at  Qrimbexg,  near  Siegen  in  Qermany.  At  the  copper  mines  of  Nisohne- 
Tagilsk,  belonging  to  M.  Demidoff,  a  bed  of  malachite  was  opened  which  yielded  many  tona 
uf  malachite.  Also  in  handsome  masses  at  Bembe,  on  the  west  coast  of  Africa ;  wiUi  the 
copper  ores  of  Cuba ;  Chili ;  Australia. 

In  2i,  Jersey^  at  New  Brunswick.  In  Pennayltania^  near  Morgantown,  Berks  County ;  at 
ComwaU,  Lebanon  Co. ;  at  the  Perkiomen  and  Phenixyille  lead  mines.  In  Wiscontin^  at  the 
copper  mines  of  Mineral  Point,  and  elswhere.  In  Caltfomia^  at  Hughes^s  mine  in  Calaveras 
Co. 

Green  malachite  admits  of  a  high  polish,  and  when  in  large  masses  is  cut  into  tables,  anuff- 
LM)xe8,  vases,  etc.     Named  from  fia^uax^/,  niaUoiM,  in  aUusion  to  the  green  color. 

CuPBOCALCiTB. — ^Massive.  H.=3.  G.=3-90.  Color  vermiUon-red.  Analysis,  Baymondi, 
CuaO  50-45,  CaO  2016,  CO,  2400,  HiO  320,  FeO.  0-60,  AID,  0  20,  MgO  0*97,  SiO,  0*80= 
99  b6.    Oocun  with  a  ferruginoua  calcite  at  the  copper  mines  of  Canza  in  Peru. 


AZX7RITB.    Knpferlasur,  Oertn, 

Monoclmic.  O  =  «7^  89' ;  /A  /=  99=^  32',  (?  A 14  =  138^  W;  i:b:d 
=  1039  :  1-181  :  1.  O  usually  ftriated  parallel  with  the  clinodiagonal. 
Cleavage :  2-i  rather  perfect ;  i-i  less  distinct;  /in  traces.  Also  massive, 
and  prese/iting  imitative  shapes,  liaving  a  columnar  composition  ;  also  dull 
and  earthy. 

II.=3'5-4-25.  G.=3'5-3-831.  Lut^ti-e  vitreous,  almost  adamantine. 
Color  various  shades  of  azure-blue,  passing  into  Berlin-blue.  Streak  blue, 
lighter  than  the  color.  Transparent — subti-anslucent.  Fracture  conchoidaL 
Brittle. 
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Oomp. — Co»G«Of+HsO=dOaOOs+H3GuO,=:Carb<m  dioxide  26-%  copper  oxide  $^% 
water  5'2=10a 

Pyr^  etc. — Same  aa  in  malachite. 

Obe. — OocuiB  at  Cheaej,  near  Lyons,  whence  its  name  €7ieuy  Capper.  Also  in  Siberia;  at 
Moldava  in  the  Banat ;  at  Wheal  Boiler,  near  Bedrath  in  Cornwall  *  also  in  Devonshire  and 
Derbyshire. 

In  Penn.^  at  the  Perkiomen  lead  mine;  at  Phenixville,  in  crystals;  at  Cornwall.  In  WiU 
mruint  near  Mineral  Point     In  California^  Calaveras  Co. ,  at  Hughes's  mine. 

Aooording  to  Schrauf ,  who  has  given  a  ciystallographic  monograph  of  the  species,  the  f one 
il  eloaelj  related  to  that  of  epidote  (Ber.  Ak.  Wien,  July  3,  1871). 


BISBHTTITE.    Wismuthflpath,  Qmvi. 

In  implanted  aciculai*  crystallizations  (pseudomorphous)  ;  also  incrnsting 
or  amorphous ;  pulverulent. 

IL=4-4-5.  (jr.=6*86-t>*909.  Lustxe  vitreous,  when  pure;  sometimes 
dull.  Color  white,  mountain-green,  and  dirty  siskin-green ;  occasionally 
Btraw-yellow  and  yellowish-gray.  Stieak  greenish-gi-ay  to  colorless.  Sub- 
translucent— opaque.     Brittle. 

Oomp.— 2Bi»CsOi«f9H30,  Bamm.  (S.  Carolina)=Carbon  dioxide  6*38,  bismuth  ozid« 
»-75,  water  3  87=100. 

Pyr.,  etc. — In  the  dosed  tabe  decrepitates  and  giyes  off  water.  B.B.  f  nses  readily,  and  on 
oharooal  is  reduced  to  bismuth,  and  coats  the  coal  with  yellow  bismuth  oxide.  Dissolves  in 
nitric  add,  with  slight  efferrescence.  DissolTes  in  hydrochloric  acid,  affording  a  deep  yeUow 
•olution. 

Obs. — Bismutite  occurs  at  Schneeberg  and  Johanngeoigenstadt ;  at  Joachimsthal ;  neaf 
Baden ;  also  in  the  gold  district  of  Chesterfidd,  S.  C. ;  in  Gaston  Co.,  N.  C,  in  yellowish* 
white  concretions. 

Lisbigitb;  Voolite  (Urankalk,  Germ.). — Carbonates  of  uranium  and  caldum,  from  th« 
decomposition  of  uraninite.  Exact  compodtion  doubtfuL  Sghr5ckinoeritb  is  an  oxyoar- 
bonate  of  uranium  (Schrauf).  Orthorhombic.  Occurs  in  six-sided  tabular  aystals.  Joachims- 
thai 


Webitrllitb. — An  oxalate  of  caldum.    In  minute  monodinic  ciystals  on  caldte. 

HmcBOLDTiTB. — A  hydrous oxalate  of  iron,  2FeC«04  +  3aq.  Compact;  earthy.  In  brown* 
ooal  of  Koloeerulr^  near  Bilin;  also  in  black  shales  at  Kettle  Point;  in  Bosanquet,  Canada. 

MuJjtlB  (Hcii(gstein,  G^titi.),— Tetragonal.  In  octahedrons  ;  also  massive,  honey -yeUow, 
vadibfib.  or  brawnish,  rardy  white.  ^  Ci90i«+18aq= Alumina  14'3G,  mellitic  add  40*30, 
A'SA-S'lOOl    Artern,  Thoringia ;  Luaohitz,  Bohemia ;  Walchuw,  Moravia ;  Nertechicaki 
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VL  HYDROCARBON  COMPOUNDS 


Tlie  Hydrogen-Carbon  Compounds  include  (1)  the  simple  htdbooarboito  ; 
and  (2)  the  oxygenated  hydrocarbons. 

1.  The  SIMPLE  HYDRaoAKBONS  embrace : 

(a)  The  ilareh  Gas  series.  General  formula  Cnnjn^.2-  Here  belong  the 
liquid  wivhthas^  the  more  volatile  parts  of  petix)leum ;  also  the  butter-like 
solids  scheerei^t^  and  chrismatite. 

Petroleum. — Mineral  oiL  Kerosene.  Bergol,  Steinol,  Erdol,  Oerm.  Petroleam  is  a  thiok  to 
thin  fluid.  Color  yellow  or  brown,  or  colorless ;  translucent  to  transparent.  The  specific  gravity 
varies  from  0*7  to  0-9.  GhemicaUy  it  consists  essentially  of  carbon  and  hydrogen  ;  contain- 
ing several  members  of  the  naphtha  group,  as  also  the  oils  of  the  ethylene  series,  and  the 
paraffins.  The  proportion  of  the  latter  constituents  increases  with  the  increase  of  the  density 
or  viscidity  of  the  fluid.     It  grades  insensibly  into  pittasphalt.  and  that  into  solid  bitumen. 

Occurs  in  rocks  or  deposits  of  nearly  aU  geological  ages,  from  the  Lower  Silurian  to  tha 
present  epoch.  It  is  associated  most  abundantly  with  ai^gillaceous  shales  and  sandstones,  bat 
is  found  also  permeating  limestones,  giving  them  a  bituminous  odor,  and  rendering  them 
sometimes  a  considerable  source  of  oil.  From  these  oliferous  shales  and  limestones  the  oil 
often  exudes,  and  appears  floating  on  the  streams  or  lakes  of  the  region,  or  rises  in  oil  springs. 
It  also  exists  collected  in  subterranean  cavities  in  certain  rocks,  whence  it  issues  in  jets  or 
fountains  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  course  of  gentle  anticlinals  in  the  rocks  of  ttie  region ;  and  it  is  therefore  probable,  as  hai 
been  suggested,  that  they  originated  for  the  most  part  in  the  displacements  of  the  strata  cansod 
by  the  slight  uplift  The  oil  which  fills  the  cavities  has  ordinarily  been  derived  from  the 
subjacent  rocks ;  for  the  strata,  m  which  the  cavities  exist,  are  frequently  barren  sandstones. 

Obtained  in  large  quantities  from  the  oil  wells  of  Pennsylvania ;  also  found  in  eastern  Vir- 
ginia, Kentucky,  Ohio,  Illinois,  Michigan,  and  New  York.  In  Canada,  at  several  places ;  in 
southern  California  ;  in  Mexico  ;  Trinidad. 

Some  weU-known  foreign  localities  are  :  Rangoon,  Bnrmah ;  western  shore  of  the  Oaspiiio 
Sea ;  in  Parma,  Italy  ;  Sicily ;  GkJida ;  Tegemsee,  Bavaria ;  Hanover. 


Qj)  The  Olefiant  or  Ethylene  series.  General  formula  CnU^n.  Heps 
bel(Mig  the  pittoliuiii  group  of  liquids,  or  jpittasphalls  (mineral  tarj,  and  the 

Paraffin  qroup.  — Wax-like  in  consistence ;  white  and  translucent  Sparingly  soluble  in 
alcohol,  rather  cosily  in  ether,  and  crystallizing  more  or  less  perfectly  from  the  solutions.  G. 
about  0  80-0  08.  Melting  point  for  the  following  species,  33^-90  ^  The  ditferent  species 
varying  in  the  value  of  7»,  vary  also  in  boiling  point,  and  other  characters. 

Paraffins  occur  in  the  Pennsylvania  petroleum,  a  freezing  mixture  reducing  the  tempera* 
ture  being  sufficient  to  separate  it  in  crystals.  Also  in  the  naphtha  of  the  Caspian,  in  Ban- 
goon  tar,  and  many  other  liquid  bitumens.  It  is  a  result  of  the  destructive  distiUation  of 
peat,  bituminous  coal,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tar, 
and  many  other  Fubstances. 

The  name  is  from  the  Latin  parum^  Uttie,  and  afflnia,  alluding  to  the  feeble  affinity  for  othei 
substances,  or,  in  other  words,  its  chemical  indifferenoe. 

To  the  Paraffin  (iroup  belong: 

UaPETHiTE.— Consisteni^  ^  soft  tallow.  Melting  point  80*  0.  Soluble  in  oold  atliw. 
(Jrpeth  CoUierv. 
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HATCnETTiTE. — In  thin  plates  or  massiYe.  Color  yellowish,  or  greenish- white ;  blaokenff 
on  exposure.  Melting  point  46^  C.  In  the  coal-measures  of  Glamorganshire ;  Bosaitz, 
Moravia. 

Ozocerite. — Like  wax  or  spermaceti  in  appearance  and  consistency.  G.  =0*85-0  "90. 
Oaloiless  to  white  when  pure ;  often  leek-green,  yellowish,  brownish-yellow,  brown.  Trana 
luoent.  Greasy  to  the  touch.  Fusing  point  56^  to  63^  C.  Occurs  in  beds  o  f  coal,  or  asfioci- 
atod  bitumiuDus  deposits  ;  that  of  Slanik,  Moldavia,  beneath  a  bed  of  bituminous  clay  shale  * 
in  masses  of  sometimes  80  to  100  lbs.,  nt  the  foot  of  the  Carpathians,  not  far  from  beds  of 
ooal  and  salt ;  that  of  Boryslaw  in  a  bituminous  clay  associated  with  calciferous  beds  in  tho 
formation  of  the  Carpathians,  in  masses.  The  same  compound  has  been  obtained  from  mine- 
ral coal,  peat,  and  petroleum,  mineral  tar,  etc.,  by  destructive  distillation.  Named  from  6^6;, 
ameU,  and  nr/po^^  tcax,  in  allusion  to  the  odor. 

Elateritb. — Massive,  soft,  elastic;  of  ten  like  india-rubber,  though  sometimes  hard  and 
brittle.  It  is  found  at  Castleton  in  Derbyshire,  in  the  lead  mine  of  Odin,  along  with  lead  ore 
and  calcite,  in  compact  renif orm  or  fungoid  masses,  and  is  abundant.  Also  reported  from  St. 
Bernard's  Well,  Edinburgh,  etc. 

ZiETRisiKiTB  and  Pyuopibsite  belong  here. 


(c)  The  Camphene  Series.     General  Formula  CnTIan-4. 

FicnTELiTE.  — In  white  monodinic  crystals.  Brittle.  Solidifies  at  36**  C  .  Soluble  in  ether. 
The  mineral  occurs  in  the  form  of  shining  scales,  flat  crystals,  and  thin  layers  between  the 
rings  of  growth  and  throughout  the  texture  of  pine  wood  (identical  in  species  with  the  modem 
FHntis  sylttstris)  from  peat  beds  in  the  vicinity  of  Bedwitz  in  the  Fichtelgebirge,  North 
Bavaria.     In  peat  near  Sobeslau ;  in  a  log  of  Pinus  Australia. 

Hartite. — Resembles  fiohtelite,  but  melts  at  74''-75°  C.  Found  in  a  kind  of  pine,  like 
fiohtelite.  but  of  a  different  species,  the  Peuce  acerosa  Unger,  belonging  to  an  earlier  geological 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Gloggnits,  not  far  from  Vienna.  Bepoited 
alio  from  Rosenthal  near  Kuflach  in  Styria,  and  Pravali  in  Carinthia. 

DiNlTB  and  Ixolytb  belong  here. 


{d)  The  Benzole   Series,    General   Formula   CnH2n«e-      Including   the 
Benzole  liquids  and  Konlite  from  Uznach,  and  Eedwitz. 
{e)  The  Naphthalin  Series.     Geneml  Formula  Cj^H^_^, 

Naphthalin. — Occurs  in  Rangoon  tar.  Idrialite,  crystalline  in  the  pure  state.  Oolot 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  day,  and  some  pynte  and 
gypanm  in  a  brownish-black  earthy  material,  called  from  its  combustibility  and  tb^  presence 
of  mercury,  inflammable  cinnabar  {Queeksilberbranderz).  Idria,  Spain.  Aragotite,  from 
New  Almaden  Mine,  C^.t  is  related  to  idrialite. 


2.  The  Oxygenated  Hydrocarbons  embrace  diflFerent  groups  having 
ratios  of  C  :  H  varying  from  1  :  2  to  5  :  5^,  or  less.  Some  of  the  more 
important  ai'e : 

Geocbritb.  Wax-like.  Color  white.  Melting  point  near  80"  C.  ;  after  fusion  solidifies  aa 
a  yellowish  wax,  hard  but  not  very  brittle.  Soluble  in  alcohol  of  80  p.  o.  C3  8Hto03= Carbon 
79*24,  hydrogen  13*21,  oxygen  7*55=100.  From  the  same  dark-brown  brown  coal  of  Qester- 
wits  that  afforded  the  geomyricite,  and  from  the  name  solution. 

GEOiCTRicrrB. — Wax -like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  grains  con- 
sisting of  adcular  crystals.  Color  white.  Melting  point  SO^-SS"  0.  After  fusion  has  the 
aspect  of  a  yellowish  brittle  wax.  Soluble  easily  in  hot  absolute  alcohol  and  ether,*  but 
slightly  in  alcohol  of  80  p.  (v  C,4H«80a= Carbon  80*50,  hydrogen  13*42,  oxygen  5*00=100. 
Bums  with  a  bright  flame.  Ooniii  at  the  Geeterwits  brown  ooal  depovit,  in  a  dark  Itromn 
fajrer 
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SnCCINm].    Amber.     Snocin,  Ambre,  Ft.    Bernstein,  Qerm. 

In  iri-egnlar  masses,  without  cleavage.  H.=2-2*5.  G.  =  l-005-l'081. 
Lostre  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded.  Streak  white.  Transparent — translucent.  Tasteless.  Elec- 
tric on  friction.     Fuses  at  287°  C,  but  without  becoming  a  flowing  liquid. 

Comp — Ratio  f or  C  :  H  :  0=40  :  64  :  4=Carbon  78-94,  hydrogen  10-58,  oxygen  10-53= 
100.  But  amber  is  not  a  aimple  resin.  According  to  Berzclins,  it  consists  mainly  (85  to  90 
p.  c.)  of  a  resin  which  resists  all  solvents  (properly  the  vpecies  succinite),  along  with  two  othex 
resins  soluble  in  alcohol  and  ether,  an  oil,  and  2|  to  6  p.  c.  of  suocinic  acid.  Amber  is  hardly 
acted  on  by  alcohol  Bums  readUy  with  a  yellow  flame,  emitting  an  agreeable  odor,  and 
leaves  a  black,  shining,  carbonaceous  residue. 

Obs. — Occurs  abundantly  on  the  PruKsian  coast  of  the  Baltic ;  occurring  from  Dantzig  to 
Memel ;  also  on  Uie  coast  of  Denmaik  and  Sweden;  in  Qalioia,  near  Lembeig,  and  at  Ifissan ; 
in  Poland ;  in  Moravia,  at  Boskowits,  etc.  ;  in  the  Urals,  Russia ;  near  Christiania,  Norway ; 
in  Switzerland,  near  Bale;  in  France,  near  Paris,  in  clay.  In  England,  near  London,  and  on 
the  coast  of  Norfolk,  Essex,  and  Suffolk.  In  various  parts  of  Asia.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  various  parts  of  the  Green  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  engaged  in  marl  or  lignite,  as  at  Gay 
Head  or  Martha^s  Vineyaid,  near  Trenton,  and  also  at  Camden  in  New  Jersey,  and  at  Cape 
Sable,  near  Magothy  river  in  Maryland.  In  the  royal  museum  at  Btrlin  there  is  a  mass 
weighing  18  lbs.  Another  in  the  kingdom  of  Ava,  India,  is  nearly  as  large  as  a  child's  head, 
and  weighs  2\  lbs. 

It  is  now  fully  ascertained  that  amber  is  a  vegetable /esin  altered  by  fossilization.  This 
is  inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  from  the  occurrence 
of  insects  incased  in  it  Of  these  insects,  some  appear  evidently  to  have  struggled  after  being 
entangled  in  the  then  viscous  fluid  ;  and  occasionally  a  leg  or  a  wing  is  found  some  distance 
from  the  body,  which  had  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  anoieute,  and  called  f^/e/crpov,  electrum,  whence,  on  aooount 
of  its  electrical  susceptibilities,  we  have  derived  the  word  eUetridty,  It  was  named  by  soma 
lyncurium,  though  this  name  waa  applied  by  Theophrastus  also  to  a  stone,  probably  to  zircon  ox 
tourmaline,  both  minerals  of  remarkable  electrical  properties. 

Other  related  resins  are :  Copalitk  {retiaiU  pt. )  from  Highgate  Hill,  near  London ; 
Krantzite,  Nienburg ;  Walchowits,  Walchow,  Moravia ;  Amurite,  N.  Zealand ;  Bath- 
viLLiTE,  occurring  in  the  torbanite^  or  Boghead  coal  of  Bathville,  Scotland ;  tarbamU  is 
related  to  it      SiEGBURQITB,  bCUBAUFITB,  Ambrosinb,  DnxiTE. 

XYiiORETiKiTB  (hartlne).— 0  :  H  :  0=40  :  64  :  4.  Bombiccite,  C  :  H  :  0=13  :  7  :  1,  in 
lignite  in  the  valley  of  the  Amo,  Tuscany.  Lkucopetbitb.  C  :  H  :  0=50  :  84  :  8.  Get- 
terwitz,  near  Weissenf els.  EuosMiTB.  C  :  H  :  0=84  :  20  :  2,  from  the  brown  coal  at  Baiershoi 
in  the  Fichtelgebirge.  Bohthornitb.  C  :  H  :  0=24  :  40  :  1.  In  coal  at  Sonnberg,  Corin- 
thia.     The  above  species  are  aoluble  in  ether. 

Scleretinitb.^C  :  H  :  0=40  :  64  :  4.     Insoluble  in  ether.    Wigan,  England. 

PYRORETrNiTB,  Jaulinoitb,  Rbussisitb,  Gutaquillitb,  WnBELBRrrB  (New  Mexico), 
etc.     Ratio  of  C  :  H=5  :  7  to  5  :  6^. 

MiDDLETONiTB,  Stanbkitb,  Akthbacoxekitb.  Ratio  of  C  :  H=5  :  5^  or  lets.  Inaolu- 
able  in  ether  or  alcohoL 

Tasmanitb  and  Dtsodilb  are  remarkable  in  containing  sulphur,  replacing  part  of  tht 
oxygen. 

The  AoiD  Oxygenated  Hydrocarbons  inclade  Bntyrellite  (Bogbntter)^ 
Baccinellite,  Dopplerite,  etc,  etc 
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APPENDIX    TO   HYDROCARBONS. 

ASPHALTUM.    Bitamen.    Asphalt,  Mineral  Pitch.     Boigpech,  £  -dpech,  Oetm. 

Asphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbonp,  |>ari 
of  which  are  oxj'genated.     Its  ordinary  characters  are  as  follows: 

Amorphous.  &.=1-1'8;  sometimes  higher  fix)m  impurities.  Lustre 
like  that  of  black  pitch.  Color  brownish-black  and  black.  Odor  bitumi- 
nous. Melts  ordinarily  at  90°  to  100°  C,  and  burns  with  a  bright  ffame. 
Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether ; 
commonly  partly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  tne  solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  which  consists  first  in  a  loss  of  hydrogen,  and  finally 
in  the  oxygenation  of  a  portion  of  the  mass. 


Obfl. — ^Asphaltum  belongs  to  rock^of  no  particnlar  age.      The  most  abundant  depoeitii 
■operfioial.     Bat  these  are  generally,  if  not  always,  connected  with  rock  deposits  containing 
Bome  kind  of  bituminoas  material  or  vegetable  remains. 

Some  of  the  noted  localities  of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphal- 
titee,  on  Trinidad ;  at  various  places  in  S.  America,  as  at  Caxitambo,  Peru ;  at  Berengel% 
Peru,  not  far  from  Arica  (S.) ;  in  California,  near  the  coast  of  St.  Barbara.  Also  in  snuJlex 
quantities,  sometimes  disseminated  through  shale,  and  sandstone  rocks,  and  occasionally  lime- 
stones, or  collected  in  cavities  or  seams  in  these  rocks ;  near  Matlock,  Derbyshire ;  Poldioe 
mine  in  Cornwall ;  Val  de  Travers,  Neuchatel ;  impreg^nating  dolomite  on  the  island  of  Brassa 
in  Dalmatia ;  in  the  CancasoB ;  in  gneiss  and  mica  schist  in  Sweden. 

The  following  substances  are  olosely  related  to  asphaltum,  and,  like  it,  are  mixtures  of  un- 
determined carbohydrogens. 

GRAHAMrTR,  H^urte.  — Bcsembles  the  preceding  in  its  pitch-black,  lustrous  appearance;  H. 
-:=2;  G.  =1*145.  Soluble  mostly  in  oil  of  turpentine  ;  partly  in  ether,  naphtha,  or  benzole  ; 
not  at  all  in  alcohol ;  wholly  in  chloroform  and  carbon  disulphide.  No  action  with  alkalies  oz 
hot  nitric  or  hydrochloric  acid.  Melts  only  imperfectly,  and  with  a  decomposition  of  the 
rarface  ;  but  in  this  state  the  interior  may  be  drawn  into  long  threads.  Occurs  in  W.  Vir- 
ginia, about  20  m.  in  an  air  line  S.  of  Parkersburg,  filling  a  fissure  (shrinkage  fissure)  in  e 
sandstone  of  the  Carboniferous  formation ;  and  supposed  to  be,  like  the  albertite,  an  insjoa 
sated  and  oxygenated  petroleum. 

Albbrtitb,  liobb. — Differs  from  ordinary  a^haltum  in  being  only  partially  soluble  in  oi) 
of  turpentine,  and  in  its  very  imperfect  fusion  when  heated.  It  has  H.  =  1-2  ;  G.  =  1*097  ; 
Instpe  brilliant,  pitch -like  ;  color  jet-black.  Softens  a  little  in  boiling  water ;  in  the  flame  o1 
a  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  solubU 
in  alcohol ;  4  p.  c.  m  ether ;  80  in  oil  of  turpentine.  Occurs  filling  un  irregular  fissure  ia 
rocks  of  the  Subcarboniferous  age  (or  Lower  Carboniferous)  in  Nova  Scotia,  and  is  regarded 
as  an  inspissated  and  i[>xygenated  petroleum.  This  and  the  above  are  very  valuable  in  gas- 
making. 

PiAUEiTE. — An  asphalt-like  substance,  remarkable  for  its  high  melting  point,  315**  C.  II 
occurs  slaty  massive ;  color  brownish-  or  greenish-black  ;  thin  splinters  colophonite-brown  hj 
transmitted  light ;  streak  light  brown,  amber-brown  ;  H.=l  *5  ;  G.=l  '220 ;  1  i8G,  Kenngott 
It  comes  from  a  bed  of  brown  coal  at  Piause,  near  Neustadt  in  Camiola  ;  on  Mt  Chum,  neai 
TUffer  in  Styria 

WOLI^ONQONOITB,  SiQiman. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broec 
oonohoidal.  Color  greenish-  to  brownish-black.  Lustre  resinous.  In  the  tule  dees  not  melt, 
but  decrepitates  and  gives  off  oil  and  gas  ;  yields  by  dry  distillation  82*5  p.  c.  volatile  matter 
Inaolable  in  ether  or  bensole.     New  South  Walea. 
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MINBRAL    GOAL 

The  distin^iiisliing  characters  of  Mineral  Coal  are  as  follows:  Compact 
massive,  without  crystalline  structure  or  cleavage ;  sometimes  breaking 
with  a  degree  of  regularity,  but  from  a  jointed  ratlier  than  a  cleavage  struc- 
ture. Sometimes  laminated  ;  often  faintly  and  delicately  banded,  successive 
layers  differin or  slightly  in  lustre. 

*II.=0*5-2*5.  G.=l-1'80.  Lustre  dull  to  brilliant,  and  either  earthy, 
resinous,  or  submetallic.  Color  black,  o;rayish-black,  brownish-black,  and 
occasionally  iridescent ;  also  sometimes  dark  brown.  Opaque.  Fracture 
conchoidal — uneven.  Brittle ;  rarely  somewhat  sectile.  Without  taste, 
except  from  impurities  present.  Insoluble  or  nearly  so  in  alcohol,  ether, 
naphtha,  and  benzole.  Infusible  to  subf usible ;  but  often  becoming  a  soft, 
pliant,  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford 
more  or  less  of  oily  and  tarry  substances,  which  are  mixtures  of  hydrocar- 
bons and  paraffin. 

Mineral  coal  is  made  up  of  different  kinds  of  hydrocarbons,  with  perhaps 
in  some  cases  free  carbon. 

Var. — The  variations  depend  partly  (1)  on  the  amount  of  the  volatUe  ingredients  afforded 
on  destmctive  destiUation ;  or  (2)  on  the  nature  of  these  volatile  compounds^  for  ingredients 
of  similar  composition  maj  differ  widely  in  volatility^  etc.  ;  (3)  on  structure,  lustre,  and  other 
olivsical  characters 

1.  Anthuacite.  H.  =2-2-5.  G.  =  I  -33- 1  7,  Pennsylvania ;  1  '81,  Rhode  Island  ;  1  -20-1  '36, 
South  Wales.  Lustre  bright,  often  submetallic,  iron  black,  and  frequently  iridescent.  Frac- 
ture conchoidal.  Volatile  matter  after  drying  3  to  0  p.  c.  Burns  with  a  feeble  flame  of  a  pale 
color.  The  anthracites  of  Pennsylvania  contain  ordinarily  83  to  U3  per  cent,  of  carbon ;  those 
of  South  Wales,  88  to  95 ;  of  France,  80  to  83;  of  Saxony,  81  ;  of  southern  Russia,  some- 
times 94  per  cent.  Anthracite  graduates  into  bituminous  coal,  becoming  less  hard,  and  con- 
taining more  volatile  matter ;  and  an  intermediate  variety  is  called  free-burning  anthracite. 

BrTUMENOUS  GoALfl  ^Steiukohie  pt.  Germ.),  Under  the  head  of  Bituminous  Goals,  a 
number  of  kinds  are  mcluded  which  differ  strikingly  in  the  action  of  heat,  and  which  there- 
fore are  of  unlike  constitution.  They  have  the  common  characteristic  of  burning  in  the  fire 
with  a  yellow,  smoky  flame,  and  giving  out  on  distillation  hydrocarbon  oils  or  tar,  and  hencv 
the  name  bituminous.  The  ordinary  bituminous  coals  contain  from  5  to  15  p.  a  (rarely  16  oz 
17)  of  oxygen  (ash  excluded) ;  while  the  so-called  brown  coal  or  UgnUe  contains  from  20  to 
36  p.  c,  after  the  expulsion,  at  100  "*  G.,  of  15  to  36  p.  c.  of  water.  The  amount  of  hydrogen 
in  each  is  fi-om  4  to  7  p.  c.  Both  hftve  usually  a  bright,  pitchy,  greasy  lustre  (whence  often 
called  PechkohU  in  German),  a  firm  compact  texture,  are  rather  fragUe  compared  with  anthra- 
cite, and  have  G.  =1*14-1 '40.  The  brouon  coals  have  often  a  brownish -black  color,  whence 
the  name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitu- 
minous coals.  The  ordinary  bituminous  coal  of  Penne;ylvania  has  G.=  1*26-1 '37;  of  New- 
castle, England,  1  27;  of  Scotland,  1*27-1*32;  of  France,  1-2-1*33;  of  Belgium,  1*27-1*3. 
The  most  prominent  kinds  are  the  following: 

2.  Gaklng  G<)Aii.  A  bituminous  coal  which  softens  and  becomes  pasty  or  semi-viscid  in 
the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition,  and  is 
attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile  products 
which  rcsalt  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off,  and  a 
coherent,  grayish-black,  cellular,  or  fritted  mass  (Cffke)  is  left.  Amount  of  coke  left  (or  part 
not  volatile)  varies  from  JO  to  8r>  p.  c.     Byerite  \&  from  Middle  Park,  Golorado. 

3.  Non-Gaking  GoATi.  Like  the  preceding  in  aU  external  characters,  and  often  in  ultimate 
composition  ;  but  burning  freely  without  softening  or  any  appearance  of  incipient  fusion. 

4.  Gannel  Goal  (Parrot  Goal).  A  variety  of  bituminous  coal,  and  often  caking;  but  dil- 
fering  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  lustre,  and  vnthout  any  appearance 
of  a  banded  structure;  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surfaces;  coloi 
dull  black  or  grayish-blaok.  On  distillation  it  affords,  i^ter  drying,  40  to  66  oi  volatile  mat- 
ter, and  the  material  volatiliicd  includes  a  large  proportion  of  burning  ind  lubricatiDg  oilft, 
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much  larger  than  the  above  kinds  of  bitaminons  coal ;  whence  it  is  extensivelj  used  for  the 
manafactnre  of  such  oils.  It  g^raduates  into  oil-producing  coaly  shales,  the  more  compact  ol 
which  it  much  resembles. 

6.  ToRBANiTE.  A  variety  of  cannel  coal  of  a  dark  brown  color,  yellowish  streaic,  without 
inscre,  navmg  a  subconchoidal  fracture;  H.  =225;  G.  =  117-l-2.  Yields  over  60  p.  c.  of 
volatile  matter,  and  is  used  for  the  production  of  burning  and  lubricating  oils,  paraffin,  illu- 
minating gas.  From  Torbane  IIill«  near  Bathgate  in  Linlithgowshire,  Scotland.  ALso  called 
Boghead  Cannel, 

6.  Brown  Coal  (Braunkohle  Germ.,  Pechkohle  pt  Germ,^  Lignite^  The  prominent 
characteristics  of  brown  coal  have  already  been  mentioned.  They  are  non -caking,  but  afford 
a  largo  proportion  of  volatile  matter  They  are  sometimes  pitch-blaok  (whence  Pechkohle 
pt.  Geriru)^  but  often  rather  dull  and  brownish- black.  G.  =  ri5-1  '\\ ;  sometimes  higher  from 
impurities.  It  is  occasionally  somewhat  lamellar  in  structure.  Brown  coal  is  often  called 
Uffnite.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which  still  retain  the  form  of 
the  original  wood.  Jet  is  a  black  variety  of  brown  coal,  compact  in  texture,  and  taking  a 
good  polish,  whence  its  use  in  jewelry. 

7.  Earthy  Brown  Coal  {jErdige  Draunkolde)  is  a  brown  friable  material,  sometimes  form- 
ing layers  in  beds  of  brown  coal.  But  it  is  in  general  not  a  true  coal,  a  considerable  part  of 
it  being  soluble  in  ether  and  benzole,  and  often  even  in  alcohol ;  besides  affording  largely  of 
oils  and  paraffin  on  distillation. 

Comp. — Most  mineral  coal  consists  mainly,  as  the  best  chemists  now  hold,  of  oxygenated 
hydrocarbons.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  simple  hydroear- 
bons  (that  is.  containing  no  oxygen). 

Sulphur  is  present  in  nearly  all  coals.  It  is  supposed  to  be  usually  combined  with  iron, 
and  when  the  coal  affords  a  red  ash  on  burning,  there  is  reason  for  believing  this  true.  Bat 
Percy  mentions  a  coal  from  New  Zealand  (anal.  18)  which  gave  a  peculiarly  white  aah, 
although  containing  2  to  3  p.  o.  of  sulphur,  a  fact  showing  that  it  is  present  not  as  a  sulphide 
of  iron,  but  as  a  constituent  of  an  organic  compound.  The  discovery  by  Church  of  a  reiin 
containing  sulphur  (see  Tasmanitk,  p.  415),  gives  reason  for  inferring  that  it  may  exist  in 
this  coal  in  that  state,  although  its  presence  as  a  constituent  of  other  organic  compounds  is 
quite  possible. 

The  chemical  relations  of  the  different  kinds  of  coals  will  be  understood  from  the  follow- 
ing analyses: 

Carbon.  Hydrogen.  Oxygen.  Nitrogen.  Sulphur.  Aah. 

1.  Anthracite,  S.  Wales  92  56  3  33  2  53  1-58 

8.  Caking  Coal,  Northumberland  78-09  GOO  1007  2  37  ISl  1-36 

8.  Non-Caking  Coal,  Zwickau  80  25  4  01  10  98  0  49  2  99  1-57 

4.  Cannel  Coal,  Wigan  80-07  553  810  212  150  2-70 

5.  Torbanite,  Torbane  HUl  (54-02  890  506  0-55  0  50  20  82 

6.  Brown  Coal,  Meissen,  Sax.  58  90  5  36  21-63  6-61  7*50 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  and  some- 
times limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  30  feet  or 
more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany  rang-e, 
in  rocks  that  have  undergone  great  contortions  and  f  racturings,  while  the  bituminous  are 
found  farthei*  west,  in  rocks  that  have  been  less  disturbed  ;  and  this  fact  and  other  observa- 
tions  have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  their  bitumen  by  the 
action  of  heat.  The  origin  of  coal  is  mainly  vegetable,  though  animal  life  has  contributed 
aomewhat  to  the  result  The  beds  were  once  beds  of  vegetation,  analogous,  in  most  respects, 
in  mode  of  formation  to  the  peat  beds  of  modem  times,  yet  in  mode  of  burial  often  of  a  very 
different  character.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  of  the  leaves, 
stems,  and  log^  of  plants  in  the  coal,  but  also  by  the  presence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  original  fibres ;  also  by  the  direct  observation  that  peat  is 
a  transition  state  between  unaltered  vegetable  d6bris  and  brown  coal,  being  sometimes  found 
passing  completely  into  true  brown  coal.  Pent  differs  from  true  coal  in  want  of  homo- 
geneity, it  visibly  containing  vegetable  fibres  only  partially  altered  ;  and  wherever  changed 
to  a  fine-textured  homogeneous  material,  even  though  hardly  consolidated,  it  may  be  true 
brown  coal. 

Extensive  beds  of  mineral  coal  occur  in  Great  Britain,  covering  11.859  square  mUea;  in 
France  about  1,719  sq.  m. ;  in  Spain  about  3,408  sq.  m. ;  in  Belgium  518  sq.  m. ;  in  Nether- 
lands, Prussia,  Bavaria,  Austria,  northern  Italy,  Silesia,  Spain,  Russia  on  the  south  near  the 
asof ,  and  also  in  the  Altai.     It  is  found  in  Asia,  abimdantly  in  China,  etc. ,  etc. 

In  the  United  States  there  are  four  separate  coal  areas.  One  of  these  areas,  the  Appall 
ohian  ooal  field,  oommenoes  on  the  north,  in  Pennnylvania  and  southeastern  Ohio,  and  swo6f 
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log  Ronth  over  western  Virgfinia  and  eastern  Kentucky  and  Tennessee  to  the  west  of  the 
Appolaohians,  or  partly  involved  in  their  ridg^es,  it  continues  to  Alabama,  near  Toscalooea, 
where  a  bed  of  coal  has  been  opened.  It  has  been  estimated  to  cover  60,000  sq.  m.  A  sec- 
ond coal  area  (the  Illinois)  lies  adjoining  the  Mississippi,  and  covers  the  laiger  poxt  of  Illinois, 
though  much  broken  into  patches,  and  a  small  northwest  part  of  Kentucky.  A  third  covers 
the  central  i)ortion  of  Michigan,  fiot  far  from  5,000  sq.  m.  in  area.  Besides  these,  there  io  a 
smaller  coal  region  (a  fourth)  in  Rhode  Island.  The  total  area  of  workable  coal  measures  in 
the  Ignited  States  is  about  125,000  sq.  m.  Out  of  the  borders  of  the  United  States,  on  thif 
northeast,  commences  a  fifth  coal  area,  that  of  Nova  Scotia  and  New  Brunswick,  which 
covers,  in  connection  with  that  of  Newfoundland,  18,000  sq.  m. 

The  mines  of  western  Pennsylvania,  those  of  the  States  west,  and  those  of  Cumberland  oi 
Frostburg,  Maryland,  Richmond  or  Chesterfield,  Va.,  and  other  mines  south,  are  bituminous. 
Those  of  eastern  Pennsylvania  constituting  several  detached  areas— one,  the  Schuylkill  coal 
field — another,  the  Wyarnivg  coal  field— those  of  Rhode  Inland  and  Massachusetts,  and  Eome 
patches  in  Virginia,  are  anthracite*.  Cannel  coal  is  found  near  Greensburg,  Beaver  Co.,  Pa., 
in  Kenawha  Co  ,  Va..  at  Peytona.  etc.  ;  also  in  Kentucky,  Ohio,  Illinois,  Missouri,  and  Indiana ; 
but  part  of  the  so-called  cannel  is  a  coaly  shale. 

Brown  coal  comes  from  coal  beds  more  recent  than  those  of  the  Carboniferous  age.  But 
much  of  this  more  recent  coal  is  not  distinguishable  from  other  bituminous  coals.  The  coal 
of  Richmond,  Virginia,  is  supposed  to  be  of  the  Liassio  or  Triassio  era ;  the  coal  of  Brora,  io 
Sutherland,  and  of  Gristhorpe,  Yorkshire,  is  Oolitic  in  age.  Cretaceous  coal  occurs  on  Van- 
couver Island,  and  Cretaceons  and  Tertiary  coal  in  many  places  over  the  Rocky  Mountain^ 
where  a  *'  Lignitic  formation''  it  yerj  widely  distributed. 
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SUPPLEMENTARY   CHAPTER.* 

Abriachanite,  Heddle. — A  soft  blue  clay-like  substance,  filling  seams  and  cavities  in 
granite.  Probably  near  crocidolite  (p.  29b)  in  composition.  From  the  Abriachan  district 
near  Loch  Ness,  Scotland. 

Adamite  p.  873. — Occurs  in  colorless  to  deep  green  crystals,  and  in  niammillary  group:^^ 
at  the  ancient  mines,  recently  reopened,  at  Jjaurium,  Greece. 

Aqlaite. — Same  as  cymatolitc  ;  that  is,  an  alteration  product  of  spodumene,  consisting  of 
an  intimate  mixture  of  albite  and  muscovite.     From  Goshen,  Mass. 

Alaskaite,  Konig.— Mtissive.  G.  =  6*878.  Lustre  metallic.  Color  whitish  lead-gray. 
Composition  probably  (Ag3,Cu9,Pb)S  +  BiaSs.  Analysis  after  deducting  impurities.  S 
17-63,  Bi  56-97,  Sb  062,  Pb  11  79.  Ag  874,  Cu  8-46,  Zn  0-79  =  100.  From  the  Alaska 
mine,  Poughkeepsie  Gulch,  (-olorado.  Silberwismuthglanz  of  Rammelsberg,  from  Moru- 
cocha,  Peru,  is  pure  Ag^S  -f  Bi^Ss. 

Albite,  p.  323. — Ilas  been  made  artificially,  identical  inform  and  cotnpositiou  with  natu- 
rd  crystals,  by  Ilautefeuille. 

Amblygonite,  p.  309. — Penfield  has  analyzed  specimens  from  Pcnig,  Montebras,  Hebron 
and  Auburn,  Me.,  Branchville,  Ct.  (including  **hebronito"  and  **  montebrasit<^").  He 
shows  that,  while  the  varieties  vary  from  F  11 -26,1150  1  -75  in  one  sample  to  F  1'75,  H.,0  6*61 , 
in  another,  they  ail  conform  to  the  general  formula:  AIvP^Ob  4-  2K(F,0H),  differing  only 
in  the  extent  to  which  the  hydroxy  I  replaces  the  fluorine. 

Ampbibole,  p.  290.— A  variety  contaiining  only  0  9  p.c.  Mg<^,  has  bi^en  called  hergamas- 
kite  by  Lucchetti     Occurs  in  a  hornblende   porphyry.     Monte    Altino,    lier|»amo,  Italy. 

Phdactiuiie  (Bertels)  is  a  chloritic  alteration  product  from  a  rock  called  isenite.  Nassau, 
.Germany. 

Analcite,  p.  34*{. — On  the  crystalline  system,  see  p.  189. 

PicrancUcite,  of  Bechi.  is  identical  with  ordinary  analciti>,  containing  only  a  tnvce  of 
magnesia,  acconling  to  Bamberger. 

Animikite,  Wurtz.  —An  impure  massive  n.ineral  supposed  to  be  a  silver  antimonide 
(Sb  11  18,  Ag  77-58).     Silver  Islet,  I^ke  Superior. 

Annerodite.  BrOggor. — A  rare  columbate,  almost  identical  with  samarskite  in  composi- 
tion, but  in  form  very  near  columbite.  From  a  pegmatite  vein  at  AnnerOd,  near  Moss, 
Norway. 

Apatite,  f).  364. — Large  deposits  of  apatite,  affording  .sometimes  gigantic  crystals,  and 
sometimes  mined  for  commercial  purposes,  occur  in  Ottawa  County,  Quebec,  Canada  ;  also 
large  crystals,  with  zircon,  titanite  and  amphibole  in  Renfrew  County,  Ontario,  and  else- 
where ;  there  are  similar  dei)osits  at  Kjorrestad,  Bamle,  Norway.  A  variety  from  San 
Roque.  Argentine  Hepublic,  containing  6'7  p.c.  MnO,  has  been  called  manganaputite  by 
Siewert.     Penfield  found  106  p.c.  MnO  in  a  bluish  green  siKHiimen  from  Branchville,  Ct. 

Pseudo-hexagonal,  Mallard,  see  p.  187. 


*  For  fuller  de8criptioiii<  of  ucw  species,  referencett  to  original  iwpera,  etc.,  sec  Appendix  III.  (188S),  SyAiem 
of  Mineralogy. 
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Apophyllite,  p.  840.— Pseudo-tetragonal  (monoclinic),  according  to  Mallard  and  Rnmpf, 
hut  the  correctness  of  their  conclusions  is  doubtful ;  sec  p.  185  et  soq. 

Aragontte,  p,  405.— A  variety  from  the  Austin  mine,  Wythe  Co.,  Va,,  afforded  7*29  p.c. 
PbCO,. 

Arctolite,  Blomstrand. — A  doubtful  silicate,  composition  near  prehnite,  prismatic  angle 
near  hornblende.     H\itholm,  near  Spitzbergen. 

Arkquipite,  Kaimondi. — A  honey-yellow  comp:»ct  substance,  supposed  to  be  a  silico-anti- 
moriato  of  lead,  but  probably  a  mixture,     Victoria  mine,  Province  of  Arequipa,  Peru. 

Arfvedsoxtte,  p.  298.— Occurs  with  zircon  and  astrophyllite  in  El  Paso  Co.,  Colorado. 

Arrhenite,  XordenskiSld. — A  silico-tantalate  of  yttrium,  erbium,  etc.,  resembling  feld- 
spar in  appearance.     Probably  an  uncertain  decomposition  product,     Ytterby,  Sweden. 

Arsenaroentite,  Hannav. — An  uncertain  silver  arsenide  of  doubtful  source. 

AsMANiTE,  p.  288. — According  to  Weisbach  and  v.  Lasaulx,  identical  with  tridymite  ; 
ol>servc<l  in  the  meteoric  iron  of  RittersgrQn,  Saxony. 

Astrophyllite,  p.  313. — Referred  to  the  triclinic  system  by  BrOgger  ;  properly  a  mem- 
ber of  the  pyroxene  group,  not  one  of  the  true  micas.  * 
Occurs  with  arfveasonite  and  zircon  in  El  Paso  Co.,  Coloratlo, 

Ateline  (or  atelite),  Scacchi. — An  alteration  product  of  tenorite  at  Vesuvius  ;  near  ata- 
cumito  in  composition. 

Atopite,  Nordenskiold. — In  isometric  octahedrons.  11.  =  5*5-6,  G.  =  5  08.  Color  yellow 
to  brown.  Comjxwition  essentially  Ca-jShjO:  (near  romeite).  Imbedded  in  hedyphane  at 
J^t\n:i:ban,  Sweden. 

AuTCNiTE,  p.  379.— Monoclinic  (or  tricbnic),  according  to  Breiina. 

Balvraidfte,  Heddle.— a  doubtful  substance  having  a  saccharoidal  structure,  and  pale 
purplish  brown  color.  G.  =  29.  An  analysis  gave,  SO,  46 04,  AUO3  20-11,  FeaO,  2-52, 
MnO  0-79.  MffO  8-80,  CaO  13*47,  Na,0  272,  K^O  1-86.  H,0  4*71  =  lOOO'i.  In  limestone 
at  Balvraid,  tnvemess-shire,  Scotland. 

Barcenitb,  Mallet. — An  uncertain  alteration  product  of  livingstonite»  massive,  earthy, 
color  dark  gray.     G.  =  5*848.     Huitzuoo,  Guerrero,  Mexico. 

Barylite,  Blomstrand.  —  In  groups  of  prismatic  crystals.  Two  distinct  cleavages  (84*). 
11.  =  7.  G.  =  4  08.  White.  BE.  infusible.  A  sihcate  of  aluminum  and  barium  (46 
p.c.  BaO).     In  limestone  at  L&ngban,  Sweden, 

Beeoerite,  Konig.— In  elongated  isometric  crystals.  Cleavage  cubic.  G.  =  7'278. 
Color  gray.  Lustre  metallic.  Composition,  6PbS -h  Bi^S,  =  8  14'78,  Bi  21 86,  Pb  eS'S^l 
rz  100.     From  the  Baltic  Lode,  Park  Co.,  Colorado. 

Beryl,  p.  299.— Pseudo-hexagonal,  according  to  Mallard,  see  p.  186. 

A  variety  in  short  prismatic  to  tabular  crystals  has  been  called  rosUrite  by  Orattarola. 
I^>cality,  Elba, 

Found  (W.  E.  Hidden)  in  fine  crystals  of  large  size  (to  10  inches  in  length),  and  emerald 
color,  in  Alexander  Co.,  N.  C,  also  in  highly  modified  crystals  of  pale  green  color. 

Berzeliite.— This  arsenate  from  L&ngban,  Sweden,  is  isometric  according  to  Sjogren  ; 
honey  to  sulphur  yellow,  lustre  resinous.  Lindgren  regards  the  ortho-arsenate  of  calciam 
and  magnesium,  anisotrope,  of  the  same  locality,  as  distinct,  and  says  that  earlier  descrip- 
tions of  berseliite  belong  to  it» 
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Bhreckite  (or  Vreckite),  Heddlo. — A  doubtful  soft  apple-green  substance,  coating  auarta 
crystals.  A  hydrous  silicate  of  aluiuina,  iron,  magnesia  and  lime.  From  the  nill  Ben 
Bnreck,  Sutherland,  Scotland. 

BiSMUTOSPHiERiTE,  Weisbach. — In  spherical  forms,  with  concentric,  tine  fibrous  radiated 
structure.  Reganled  as  an  anhydrous  bismuth  carbonate.  Prom  Neustadtel,  Schneeberg, 
Saxonv. 

Blomstrandite,  LindstrSm. — A  columbo-titanate  of  uranium,  allied  to  samarskit^. 
From  Nohl,  Sweden.    - 

BoLrvrTE,  Domeyko. — An  alteration  product  of  bisniuthinite,  probably  a  mechanical 
mixture  of  Bi^Os  and  Bi^Ss.     Mines  of  Tazna,  Province  of  Choroloque,  lk)livia. 

BoRACiTE,  p.  J381.— On  the  crystalline  system,  sec  p.  183. 

BowLiNOiTE,  Hannay. — A  soft,  soapy,  green  substance,  containing  silica,  alumina,  iron, 
magnesia,  lime,  water  ;  doubtless  heterogeneous.     Bowling  on  the  Clyde,  Scotland. 

Bravaisite,  Mallard.— In  fine  crystalline  fibres,  of  a  grayish  color,  forming  layers  in  the 
coal  schists  at  Noyant,  Allier  Dep't.  France.  G.  =  2*6.  Analysis,  SiOa  51*4,  Al^Oa  18  9, 
Fe,0,  4  0,  CaO  20,  MgO  3-3,  K,0  6-5,  H,0  18  3  =  99-4. 

Brookite,  p.  277. — In  Mallard*s  view,  brookite,  rutile  and  octahedrite  are  all  monoclinio, 
having  the  same  primitive  fonn,  but  differing  in  the  way  in  which  the  individuals  are 
grouped,  see  p.  186. 

Brucite.  p.  281. — Manganhrucite  (IgeLstrom)  is  a  man^nesian  variety  of  bnicite  (1416 
MnO)  from  the  manganese  mines  of  the  Jakobsberg.  Wermland,  Sweden.  In  fine  granular 
form  with  hausmannite  in  calcite. 

Eiseiibrucite,  Sandber^er. — A  doubtful  substance  resulting  from  the  alteration  of  bru 
cite.    Sieberlehn  near  Freiberg. 

Cabrerite. — Occurs  in  crystals  (isomorphous  with  erjrthrite)  at  the  zinc  mines  of  Lau- 
rium,  Greece      An  analysis  by  Damour  corresponds  to  NiaAsaO.,  +8  aq. 

Calamine,  p.  329. — Aqcording  to  Groth,  the  formula  should  be  written  HaZn^SiOb. 

Calaveritk,  p.  240. — Occurs  at  the  Keystone  and  Mountain  Lion  mines.  Colorado.  Com- 
position (Genth)  :  (Au,  Ag,Te,,  with  Au  :  Ag  =  7  : 1.     H.  =  25.     G.  =  9043. 

Cancrinite,  p  317. — An  original  species  (Rauff,  Koch),  and  not  an  alteration  product  of 
nephelite,  the  carbon  dioxide  iSing  essential  and  not  due  to  calcite. 

Caryinite,  LundstrOm.— Massive,  monoclinic  :  two  cleavages  (130^.  IT.  =  3-3*5.  G. 
=  4-25.  Color,  brown.  Composition,  RsAsaO,.,  with  R  =  rb,Mn,(;a,Mg.  Occurs  with 
calcite  and  hausmannite  at  I^dngban,  Sweden. 

Chabazite,  p.  844. — Triclinic,  according  to  Becke,  the  crystals  being  complex  twins  of 
several  individuals. 

Chalcomenite,  Des  Cloizeaux  and  Damour.  —  Monoclinic.  /  a  /—  lOS*"  20'.  0  a  »-•  =r 
89'*  9'.  G.  =  3*76.  Color,  bright  blue.  Composition,  CuSeO,  +  2  aq,  or  a  copper  sele- 
nite.     From  the  Cerro  de  Cacheuta,  Mendoza,  Argentine  Republic. 

CHALCOPYRrrE,  p.  244.— Found  well  crystallized,  often  coitcd  with  crystals  of  tetrahe- 
drite  in  parallel  position,  near  Central  City,  Gilpin  Co  ,  Colorado. 

Childrenite,  p.  377.— Formula,  as  shown  bv  Ponfield,  R,AUP.jOio  -»-  4HoO.  or  AljPaOn  + 
2RH,0  +  2aq,  with  R  =  Fe  principally,  also  Mn.  This  requires:  P^O*  30-80,  AlO,  32-81 
FeO  26-87,  MnO 487,  HaO  15-65. 
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A  mineral  closely  reUted  to  cbildrenitc  has  been  called  eotpkoritc  by  Brush  and  E  S 
Dana,     Orlborhombic.    In  prismatic  crvstals  (see  fig-.i,  near  "'''' 
drenite.    /a/-104'10';  p  ap(1a1>'=  J33' 32' (front),  = 
.W  (side).  Here/,aniia(j-ii  =  ^iandt)otchildrenite.  Alsom 
tve,  cleavablu  to  compact.     Cleavage  raniUel  a  i-'i)  nearlv  perfeet. 
H.  =  5.     G.  =  8  ll-ai45.    Lustre  vitreous  to  sub-resinous,  also 
ZtQnsj.     Color  rose  pink,  yellowiab,  eobrless.  when  eompacl  i  ariou^ 
shaiivs  of  nhile.     tiireak  nliite.     Tmnsparent  to  translucent. 

<  iencral  foriiiulii  likv  cliildreiiite  {see  above),  but  with  mueh  man- 
gaiii'sc  anil  litUe  iron  <1U  :  :>).  I'ercentaze  composition  :  I'vO^  ^ 
30-1I3,  Al,O,2.:)3,JInOS3-e0.FeO7a4.IUU  1508  =  100.  B.  B  in 
the  forceps  cracks  ojiens,  sprouts  and  whitens,  colors  the  flame  pale 
green  and  luscsot  4  to  a  blaek  magnetic  mass.  Keacts  for  niungft- 
ne^p  and  iron  :  is  soluble  in  acids.  Occurs  nilh  other  mangonesian 
phosphates  in  a  vuin  ot  pegmatite  at  Branchville,  Conn. 

Chlaralluwmte,  Ucacchi. — Hjrdrous  aluminmn  chloride  from  Vesuvius. 

CHumoMAQNKSiTB.  Scacchi— Hydrous  magnesium  chloride  from  Vesuvius.  BisehojUt 
fOchsenius  and  Pfeillcr)  from  L^poldsholl,  Prussia,  has  Ihe  composition  MgCli  +  0  aq. 
Crystalline,  massive,  foliated  or  finrouB.  Color  white.  Forms  Ihin  layers  in  halite,  witn 
kicseritc  and  t'amallite.     Readily  assumes  water  on  exposure. 


—Pilarile,  from  Chili,  is  an  ainminons  variety,  16-8  p.c.  AljOi. 


Clgveitb.  Nordenski5hl. — A  mineral  closely  related  lo  uraninite,  but  besides  u 
(and  lead)  contains  yttrium,  erbium,  cerium,  etc.  In  isometric  crystals  H.  —  B  5.  Q. 
=  7'49.  Color  iron  black  A  decomposition  product  of  a  yellow  color  is  called  ytlro- 
quminite  (analogous  to  ordinary  gummite).     Occurs   in  feldspar  at  Oarta,  near  Arendol, 


Cli.vocro'.-ite.  Snndberger,  Singer. — An  imperfectly  described  sulphate  of  iron,  etc., 
occurring  in  saffron-yellow  microscopic  crystaU,  derived  irom  the  decomposition  of  pyrite 
at  the  Baucrsb-Tii.  near  Bischofsheim  vor  'der  RhOn.  CliTtophaite,  from  the  some  source, 
("i-curs  in  blackish  green  microscopic  crvstals ;  formula  SRaSOi-t  [R,]HiOj  +  G  aq,  with 
[R.l  =  Fe.,AI,,  and^  =  Pe,K„Na,. 

rala,  see  Tscher- 


Genth.— Massive,  gnnular.  H.  —  8.  O,  =  8  627.  Lustre  metallic.  Color 
iron  inacK.  Loraposilion  HgTe  =  tellurium  89.  mercury  61  =  100.  Occurs  with  native 
tellurium,  sylvanile,  gold,  at  theKeystone,  Mountain  Lion,  and  Smuggler  mines  in  Col orada 

CoLUMHTTK.  p.  8flO.— Occurs  sparinglv  in  small  tranalncent  crystals  at  Branchville,  Conn., 
havins  the  corapos:tion  MnCb,0„  ■+-  MnTa,0,  ;  containing  15-58  p  c.MnO,  and  0-48  FeO. 
Also  the  ordinary  variety  in  croups  o(  very  largo,  thongh  rough,  crystals,  weighing  some- 
times SO  pounds,  at  the  same  locslitj.    Foond  with  amazonstone  at  Pike's  Peak.  Colorado, 
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and  in  Yancey  Co.,  N.  C.     Also  with  monazite.  orthite,  etc.,  in  Amelia  County,  Virginia 
allied  in  composition  to  the  above  manganesiau  variety  from  Branchville. 

CORONOUiTE,  Raimondi. — An  earthy,  pulverulent  substance  of  a  gray  to  black  color. 
Containing  antimony  pentoxide,  lead,  and  silver  oxides,  water,  but  of  doubtful  homogeneity. 
District  of  Corongo  and  elsewhere  in  Peru. 

CoRUNDOPHiLiTE,  p.  358. — Ammte.  of  Shepard,  from  Chester,  Mass.,  ^s  very  near  coran- 
dophilite. 

Corundum,  p.  287. — Monoclinic  according  to  Tschermak  (orthorhombic.  Mallard) ;  often 
optically  biaxial.    See  p.  IS")  et  seq. 
Made  artificially,  with  the  colors  of  rubies  and  sapphires,  by  Fr6my  and  Fell. 

CosALiTE,  p.  552. — Bjelkite  of  H.  Sjogren  is  identical  with  cosalito.  From  the  Bjelke 
mine,  Nordmark,  Sweden. 

CosBYRiTE,  Foerstner. — Near  amphibole  in  form,  but  triclinic,  and  with  /a/'  = 
114*'  5'.  Cleavage  prismatic.  G.  =  3*75.  Color  black.  An  analysis  gave  :  SiOa  48*55, 
A1,0,  4-90,  FeaOa  7-97,  FeO,  32  87,  MnO  1*98.  CuO  039,  MgO  086,  CaO  2  01,  Na-O  5*29, 
K9O  0*83  =  100*21.  In  minute  crystals  weathered  out  of  the  ground  mass  of  the  liparite 
lavas  of  the  Island  Pantellaria  (ancient  name  Cossyra). 

CRAiGTONriB,  Heddle. — Doubtful  mineral,  contains  AlaOs,  FcaOa,  MgO,  etc.  Dendrites 
in  granite  at  Cndgton,  Aberdeenshire,  Scotland. 

Crocoite,  p.  385. — Described  by  B.  Sillinian  as  occurring  at  the  Phcnix  and  other  mines 
in  Yavapai  Ca,  Arizona. 

Cryolite,  p.  261. — Observations  of  Krenner  make  cryolite  monoclinic:  instead  of  triclinfc. 
Cryolite  and  some  related  fluorides  have  been  found  (Cross  and  Hillebrand)  in  the  Pik(rs 
Peak  region,  El  Paso  Co.,  Colorado. 

CuPROCALcriE,  p.  411. — Mechanical  mixture  of  CaCOa  and  CujO,  Damotir. 

CusPiDiNE,  Soacchi. — In  spear-shaped  mcmoclinic  crystals  ;  color  pale  rose  red.  A  calcium 
silicate  containing  fluorine.     Vesuvius. 

t*YANiTB,  p.  332. —Recently  found  in  well  terminated  crystals,  Bauer,  vora  Rath, 

Cyprusite,  Reinsch  — A  supposcfd  anhydrous  iron  sulphate,  occurring  in  the  western 
part  of  the  island  of  Cyprus.  ISoft.  Color  yellow.  Analysis  :  SOg  21'5,Te..O,  (AlaO*  tr.i 
51*5,  insol.  silica  (shells  of  Radiokria)  25,  II2O  (hygrosc.)  2  =  100. 

Danalite,  p.  302.— Occurs  at  the  iron  mine  of  Baitlctt,  X.  H.  (Wadsworth). 

Danburite,  p.  811.  Occurs  (G.  J.  Brush  and  E.  S.  Dana)  well  crvstnilized  and  abundant 
at  Russell,  N.  Y.  Orthorhombic,  homoeomorphous  with  topaz  ana  like  it  in  habit.  I  r\I 
=  122* 52' (topaz  =  124"  17 ),  m^am^  =  54"  58'  (topaz  =  55"  20),  d/\d^^T  7  (topaz  =  96**  6'). 

Common  forms  as  in  figures,  to  =  4-f,  rf=  1-i,  /=i-2,  n  =  t-4.  r  =  2-2.    Color  pale  wine 
or  honey  yellow,  colorless.    Transparent.    Composition  CaBaSiaOe,  as  of  Danbury  mineraL 


!» 


11 


Also  from  the  Skopi,  Switzerland,  in  transparent  crystala 
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Davrextxitb,  de  Eoninck.— In  aggregates  of  minute  acicnlar  crystals.  Color  white, 
with  tinge  of  red.  Calculated  composition  :  SiO,  46*89,  AUO,  40  19,  MnO  6*93,  MgO  1*80, 
HaO  4*69  =  100.     Occurs  in  quartz  veins  in  the  Ardennes  schists  at  Ottre,  Belgium. 

Dawsonite,  p.  410. — Occurs  (Chaper)  in  the  province  of  Siena,  Pian  Castagnaio,  Tuscany. 
Analysis  gave  Frledel :  (5)  CO,  2909,  AlaO,  35  89,  Na,0  1913,  H,0  12-00,  MgO  130, 
CaO  0-42. 

DfiLESsiTE,  p.  B')Q, — More  or  less  related  to  the  chloritic  delessite  arc :  Suhdelessite  from 
the  Thiiringer  Wald  ;  Jiulliie,  Cammoney  Hill,  near  Belfast,  Ireland. 

Descloizitk,  p.  367.— Occurs  in  the  Sierra dc  Cordoba,  Argentine  Republic  ;  perhaps  a\eo 
in  Arizona.  Composition  of  South  American  mineral  (Rammelsberg)  RaV^O^  +  KHsO::. 
with  R  ^  Pb  (56  p.c),  Zn  (17  i).c.) 

Braekehuschiic  from  CordoDa,  Argentine  Republic,  occur*  in  bmall  striated  crystals. 
Color  black.     Composition  perhaps  RaVaO,.  +  HaO,  with  R  =  Pb  :  Pe  :  Mn  =  4:1  : 1. 

Destinezite,  Forir  and  Jorissen. — An  iron  phosphate  from  Argenteau,  Belgium ;  occurs 
in  yellowish  white  earthy  masses. 

Diamond,  p.  228. — Has  been  made  artificially,  in  the  form  of  a  fine  sand,  by  J.  B.  Hannay. 

« 

DiCKiNsoKiTE,  G.J.  Brush  and  E.  S.  Dana. — Monoclinic,  pseudo-rhombohedral,  fi^Q]"^ 
80 .  cAa-  118**  30',  cap  =  118'  52',  ca«  =  97°  68' ;  c  =  Oyh  =1,  «  =  2,  a?  =  -  3-4.  Com- 
monly foliated  to  micaceous.  Cleavage  basal  perfect.  H.  =  8 '5-4.  G.  =  8*338-3'34.'j. 
Lustre  vitreous,  on  e  pearly.  Color  various  shades  ofgreen.  Composition  4RaPaOs  -h  8aq. 
with  R  =  Mn,Pe,«  a,Naa,  requiring:  PjO*  40-05,  P?0  12'09,  MnO  25 '04,  CaO  ll'a5, 
NaaO  6*56,  HaO  3*81  =  10 ».  Occurs  with  eo^horite,  triploidlte,  etc.,  in  pegmatite  at 
Branch ville,  Conn. 

DiETRiCHiTE.  v.  Schrf^ckinger.— A  zincoiron-manganese  alum,  related  to  mendozite,  etc. 
A  recent  formation  at  PelsOlmnya,  Transylvania. 

DopPLERiTE,  p.  415.— A  black  gelatinous  hvdrocarbon  from  a  stratum  of  muck  below  a 
peat  bed  at  Scranton,   Penn.,  is  called  by  fi.  C.  Lewis  phytoeolUie;  empirical  formula 

DouQLASiTE,  Ochsenius,  Precht.— From  Douglasthall,  formula,  2KCl,FeCla,2HaO. 

DuMORTTERiTE.  Damour,  Bertrand. — In  minute  prismatic  crystals  of  a  cobalt  blue  color, 
imbedded  in  gneiss.  Analvsis  (Damour) :  SiOa  29*85,  AUOs  66  02,  FcaO,  1*01,  MgO  0*45, 
ign.  2  25  =  99 '58  ;  near  anoalusite.     From  the  gneiss  at  Chaponost,  near  Lyons,  Franco. 


DuPORTHiTE.  f*ollins.— An  asbestiform  mineral  filling  fisfures  in  serpentine.    Color  green- 
ish to  brownish  f--     ^-^' '''        1-    .-     -•-- i-    — ^^.x-     -^^ a.  .^. 

Austell,  Comwal 


ish  to  brownish  gray.    Contains  silica,  alumina,  iron,  magnesia,  ana  water.    Duportn,  St. 

ill. 


DuRPELDTiTB,  i2atf7k7/i(/t.— Maisive,  indistinctlv  fibrous.  Color  light  gray.  Metallic. 
Composition  3RS  +  Sb«Si  (if  the  results  of  an  analvsis  after  deducting  81  p.c.  gangue  can 
be  trusted/,  with  R  =  Pb,Ag„Mn,  also  Fe.Cua.  From  the  Irismachaymine,  Anquimorca, 
Peru. 

Dysanalyte,  Knop.^The  pei'ofskite  of  the  Kaiserstuhi  is,  according  to  Knop,  a  new 
oolumbo-titanate  of  calcium  and  iron  (with  also  Ce,Ka). 

Eggoxite,  SchtBttf.^In  minute,  grayish«brown  crvstals  ftriciitiic)  near  barite  in  habit 
Supposed  to  be  a  cadmium  lilicsto.    Occurs  with  calamine  and  smithsonite  at  Altenberg. 

EicnEMtTE,  Xorden8ki5ld.--Massive.  coarsely  granular,  also  incmsting.  Cleavage  basal. 
H.  =  2'5-3.  G.  -  714.  Color  bright  yeUow  to  green  Composition  PbiAsaOt.  -f-  2PbClf 
-  AsaO;,  10-59,  PbO  59-67,  CI  7*68,  Pb  l&*16  ^  100.    Found  at  Ungban,  Swedon. 
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ELEOKORire,  Nics.— Monoclinic  ;  of  ten  in  dntsM  and  in  nidiated  crnsts.  Clesvaire  ortlio- 
diagonal.  H.  =3-*.  Lustra  vitreous.  C«lor  red  brown  to  dark  hyacinlh  red.  Strekk 
velloir.  Composition  (Strang)  2Fe,P,0.-<-Fe,U,0(-t-S  aq.  From  the  EleonoremiDeon  the 
DQnsber^,  noir  Uie:<sen.  and  the  RotbliCufchen  mine  near  Waldgirmes.  Perhaps  identical 
with  the  iron  phosphate  beraunite  from  Bcnigna,  Bobemia. 


X  Ellon, 
n  oxide. 


Ektbtte,  Collins. — A  bluish-green  stalagmitic  snbstance  consisting  of  aluminum  hfdrot«, 
bttsic  copper  sulphate,  oalcil«,  etc.    St.  Agues,  Cornwall. 

Epistilbite,  p.  847. — MonocUnic,  Des  Cloizeaux.     ParantQhiU  and  reiigHe  are  probably 

identical. 

Gpsomite,  p,  304. — StUhardtiU  (Knuse)  is  a  massive  variety  from  Stasslurt  and  Lao- 
poldshali. 


EiiocBALciTE,  Scacchi. — Copper  chloride  from  Vesuvius. 


EUC1.ABB,  p.  333.— Found  in  good  crystaln  in  the  Tyrol,  from  the  Hohe  Tauem,  perhaps 
at  Raum. 

EucRAsrrs,  Paijkull.— A  mineral  from  Brevig,  Norway,  near  tborite. 

Edcxtptite,  0.  J,  Brush  and  E.  S.  Dana.—Hexae- 
onal.  In  regularly  arranged  crystals  imbedded  in 
albite  (like  graphic  granite,  see  fig.)  both  of  which  hare 
resulted  from  the  alteration  of  Bpoduineae.  G.  =  2'667. 
CorapoBition  Li,Al,Si,0,  =  SiO,  47I5I,  A1,0,  40-61. 
Li,0  11-88  =  100.     BranchrillB,CoQn. 


ECTYNC81TE  ia  (Bammelsberg)  4Pb.V50,  +  3Zn,V,0,. 
Ariioxene  is  2(Pb.Zn),V,0.  +  (Pb,Zn).Aa,  0,. 

Trtiochorite  (Freniell  is  related,  composition  RiV,0„ 
with  R  =  Pb  (54  p.c),  Cu  (7  p.c),  Zn  (11  p.c).  Lo- 
cality uncertun. 

PAinFiBLDiTK.  G.  J.  Brush  and  E.  S.  Dana.— Triclinic.  Poliateil  oi 
Also  in  radiating  masses,  curved  foliated  or  fibrous.      Cleavag 

'■'■■'■        '     "  ■'  "  '  ir  white  to  pale  straw  yellow.     Transparent.     Com- 

;Mn  +  Pel  -  2  : 1.    This  requires  :  i',0,  39-80.  PeO 

_, -=  100.    Occurs  with  other  manganesian  phosphate* 

at  Branchville,  Conn. 

LeucomanganiU  (Sandbergcr)  from  Rabenstein,  Bavaria,  may  bo  identical ;  not  yet 
described. 

Fbldspab  Gkoup.— Schust«r  has  shown  that  in  tlie  eerie*  of  triclinic  feldspars  there  ta 


BI30  in  raoiatmg  masses,  curvea  lOiiatea  o 
Lusin  pearlr  to  subadamnntine.  Color  whit 
position  R,P.O.  +  ^aq.  with  R  =  Ca  :  (Mn -(■ 
fl-64.  MnO  1810.  CaO  80-W,  H,0  9-87  =  100. 
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in  optical  relations  the  same  gradual  transition  from  the  one  extreme  (albite")  to  the  other 
(anorthite)  as  exists  in  composition.  Thus,  he  finds  that  the  directions  of  light-extinction, 
as  observed  on  the  basal  and  clinodiagonal  sections,  the  position  of  the  axes  of  elasticity, 
the  dispersion  of  the  axes,  and  the  axial  angle  all  show  this  gradual  change  in  the  same 
direction.  These  results  confirm  the  acceptwi  view  of  Tschermak  that  the  intermediate 
triclinic  feldspars  are  to  be  regarded  as  isomorphous  mixtures  of  albite  and  anorthite  in 
var^ng  proportions  ;  moreover,  they  explain  the  apparent  difficulties  raised  by  the  obsei?- 
vations  of  Des  Cloizeaux  (p.  310).  The  angles  given  on  p.  820  are  then  true  only  In  special 
cases,  since  in  the  varieties  varying  in  composition  these  values  will  also  vary.  The  values 
for  angles  (given  by  Schuster)  made  by  the  extinction-directions  with  0  and  inl  are  as 
follows : 

With  0  With  i-l 

Albite .f4"      to       +  8"  +18'* 

Varieties   between    Albite )  ,  oo      ♦^       ,  <«  .  lo^ 

and  Oligoclase f  +^        *^       +^  ■*■  ^^ 

OUgoclase +2°      to       +1'*  +  8'    to     +  2' 

Andesite  - 1"*      to      -2°  ^4°    to    -6' 

Labradorite -4"      to      -5'  -17^ 

Varieties    between   Labra- )  ia«    fr.         ift»  oq<» 

dorite  and  Anorthite. . . .  f         ^  ^^      to    -  lo  -  -sw 

Anorthite -88"  -40' 

Ferousoxite,  p.  862. — New  localities  :  Rockport,  Mass.*  (J,  L.  Smith)  ;  Burke  Co.,  N.  C. 
(Hidden) ;  MitcheU  Co.,  N.  C.  (Shepard). 

Ferrotellurite,  Genth. — In  delicate  radiating  crystalline  tufts  of  a  yellow  color.  Per- 
haps  an  iron  tollurate.     Keystone  mine,  Magnolia  District,  Colorado. 

FiLLOWiTE,  G.  J.  Brush  and  E.  S.  Dana. — Monoclinic  ;  pseudo-rhombohedral.  Gt*ner- 
ally  in  granular  crystalline  masses.  H.  =  4  5.  G.  =8*48.  Lustre  subresinous  to  greasy. 
Color  wax  yellow,  vellowish  to  reddish  brown.  Composition  8RaP908  -I-  aq,  with  R  =  Mn, 
Fe,  Ca,  Naa ;  requiring  :  PiO.  40-19,  FeO  680,  MnO  4019,  CaO  5-28.  Na.O  6  84,  H,0  1*70 
=  100.     Occurs  with  other  manganesian  phosphates  in  pegmatite  at  Branchville,  Conn. 

Fluorite,  p.  263.— Pseudo-isometric,  according  to  Mallard  ;  see  p.  186. 

FoRESiTE,  p.  347. — Probably  identioal  with  stilbite. 

FRANKLAyDFTE,  Reyuolds. — Near  ulexite.  Massive.  White.  G.  =  1*65.  Composition 
Xa4CaaB,,02=,  ISH^O.    Tarapaca,  Peru. 

Freyalite,  Esmark,  Damour.— A  silicate  of  cerium,  thorium,  etc.  G.  =  4*06-4*17. 
Color  brown.     From  Brevig,  Norway. 

Gadolutitp,  p.  809.— Contains  the  new  earth  ytterbium  (Marignac),  also  scandium  (Cleve) 

GALENOBissfUTiTE,  H.  SjOgreu.— Massive,  compact.  H.  =  3-4.  G.  =  6*88.  Lustre  me« 
tallic.  Color  tin  white.  Streak  grayish  blacK.  (  omposition  PbBi2S4  or  PbS  +  BiiSa, 
requiring,  S  16-95,  Bi  C5-62,  Pb  27-43  =  100.  Occurs  with  bismutite  at  the  Kogrufva, 
Nordmark,  Sweden. 

Ganomalite,  NordenskiOld.— Massive.  H.  =r  4.  G.  =  4*98.  Lustre  greasy.  Colorless 
to  white  or  whitish  grav.  Transparent.  Composition  (Pb,Mn)SiO» ;  anialysis  (Lind- 
strOm  :  SiO^  84  55,  PW  84-89,  MnO  20  01,  CaO  4-89,  MgO  8*68,  alk.,  ign.  1  88=99-58. 
Orcu::  with  tcphroite,  native  lead,  etc.,  at  L&ngban,  Sweden. 

Garnet,  p.  302. — Pseudo-isometric,  according  to  Mallard  and  Bertrand,  see  p.  186. 
Nearly  colorless  garnets  occur  at  Hull,  Canada  ;  others  containing  5p.c.  CrsOa  at  WaKefleld, 
Quebec.     I^rge  perfect  crystals  in  mica  schist  near  Fort  Wrangell,  Alaska. 

GARNiERrrE,  p.  351.— An  allied  hydrated  silicate  of  magnesium  and  nickel  has  been 
found  in  Southern  Oregon,  at  Piney  Mount&ln,  Cow  Creek,  I)onglaa  County. 
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GiNiLSiTE,  Fischer.— A  doubtfal  silicate  from  the  Ginilsalp,  GraubQnden,  Switzerland. 
GisMONDiTE,  p.  341.— Triclinic,  complex  twins,  according  to  Schrauf  and  v.  Lasaulx. 

GuANAJUATiTc,  Femandez,  1878. — The  same  mineral  as  that  afterward  called  freuzellte 
(p.  223).  Composition  (Mallet),  Bi^Sea,,  with  a  little  Se  replaced  by  S.  BUaonife  is  a 
meohanicai  mixture  of  this  mineral  and  native  bismuth. 

GuVNtsoNlTB,  Clarke  and  Perry  (Am.  Chem.  Joum.,  iv.,  140\— A  massive  substance,  of 
a  deep  purple  color,  mixed  witli  calcite.  An  analysis,  after  deducting  1^*75  CaCOs,  yieldcxi 
CaP,  74-89,  CaO  11  44,  SiOj  0-87,  A1<,0,  595,  Ka^O  0-85  =  100.  Probably  an  impure 
fluorlte  ;  perhaps  altered  ;  certainly  not  a  homogeneous  mineral. 

GuBJARiTB,  Cumenge.— Orthorhombic  ;  in  prismatic  crystals,  form  near  that  of  ehalco- 
Btibite.  H.  =  3-5.  G.  =  503.  Color  steel  gray.  Compowtion  Cu,Sb4S7  or  Cu,S  +  2Sb^,. 
From  the  copper  mines  in  the  district  of  Guejar,  Andalusia. 

GuMMiTE. — This  decomposition  product  of  uraninite  occurs  in  considerable  masses  at 
the  Flat  Rock  mine,  Mitchell  Co.,  N.  C. 

Gtrolitb,  p.  828. — Tobermorite  of  Heddle,  is  near  gyrolite  and  okenite.    Massive.    Color 

ginkish  white.     G.  =  2-423.    Analysis  :  SiO,  46-62,  AUG,  399,  FaO,  006,  FeO  l-08,  CaO 
B-98,  KaO  0-57,  Nat,0  0-89.  H^G  1211  =  99-81.     Filling  cavities  in  rocks  near  Tobermory, 
Island  of  Mull. 

Halloysitb,  p.  852. — Indtanatte  of  Cox,  is  a  white  porcelain  clay,  useful  in  the  arta, 
occurring  in  considerable  beds  in  Lawrence  Co.,  Indiana. 

Haknatitb,  vom  Rath. — In  triclinic  prismatic  crystals.  G.  =  1-898.  Composition 
H4(NH4)MgaP40ifl  -h  8  aq.     Occurs  in  guano  of  the  Skipton  Caves,  Victoria. 

Hatchbttolite,  J.L.  Smith.  ^Isometric,  habit  octahedral.  H.  =  5.  G.  =  477-4  90.  Lustre 
resinous.  Color  yellowish  brown.  Translucent.  Fracture  conchoidal.  A  columbo-tan- 
talate  of  uranium  and  calcium,  containing  5  p.c.  water ;  closely  related  to  pyrochlore. 
With  samarskite  in  the  mica  mines  of  Mitchell  Co.,  N.  C. 

Hatbsinb. — Accordinff  toN.  H.  Darton,  this  borate  occurs  sparingly  with  datolite  and  cal- 
cite  at  Bergen  Hill,  N.  J. 

Hedypbake,  p.  867. — A  variety  from  Langban  contains  (Lindstr6m)  8  p.c.  BaO.  Mono- 
clinic  (Des  Cloizeaux),  and  perhaps  isomorphous  with  caryinite,  p.  4-32 ;  this  would  sepa- 
rate it  from  mimetite. 

HBLDBURorTE,  Ltldecke.— In  minute  tetn^nal  crystals,  resembling  guarinite.  Color 
yt41ow.  H.  =  0*5.  Composition  unknown.  In  feldspar  of  the  phonolyte  of  the  Heldburg, 
near  Coburg. 

Helvite.  p.  302.--Occurs  at  the  mica  mine  near  Amelia  Court  House,  Amelia  Co.,  Vir- 
ginia. In  crystals  and  crystalline  masses,  of  a  sulphur-yellow  color,  imbedded  in  ortho- 
dase. 

HENWOODrrB.  Collins.— In  botryoidal  globular  masses,  crystalline.  H.  =  4-4-5.  O. 
=  2 '67.  Color  turquoise  blue.  A  hydrous  phosphate  of  aluminum  and  copper  (7  p.o. 
(*aO).    West  Phenix  mine,  Cornwall. 

HERBBN0Ri7Nm'rE,  Biozlna  (=  tTfv<>lgyite,  Szubo^.'-^In  spherical  groups  of  six-sided  tabu* 
lar  crystals  (monoclinic).  Cleavage  basal  perfect.  H.  =  2*5.  G.  =  3*132.  Lustre  vitreous, 
pearly  on  cleavage  face.  Color  emerald  to  bluish  green.  A  hydrous  basic  sulphate  of 
Gopper^  allied  to  langita.    From  Herrengrund  (=  Urvolgy)  in  Hungary. 
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Hessite,  p.  228. — Pseudo-isometric  (triclinio)  according  to  Becke,  but  the  conclusion  is 
not  beyond  question. 

Het^rolite  (Hetairite),  G.  E.  Moore.— In  botryoidai  coatings,  with  radiated  structure. 
H.  =5  G.  =  4  933.  Stated  to  be  a  zinc  hausmannite.  Occurs  with  chalcophanite  at 
Sterling  Hill,  New  Jersey. 

Heubachite.  Sandbere^er. — In  thin  soot-like  incrustations,  also  dendritic.  Color  black. 
A  hydrous  oxide  of  cobalt  and  nickel.     Heubachthal,  near  Wittichen,  Baden. 

Heulandite,  p.  347. — Oryzite  of  Qrattarola  may  be  identical  with  heul«n<Hto.  In 
minute  white  crystals,  resembling  rice  grains  {opv^a^  rice).     Elba. 

HiBBERTiTE,  Reddle. — A  lemon-yellow  powder  in  kammererite ;  in  composition  probably 
a  mixture  of  magnesium  hydrate  and  calcium  carbonate.  From  the  chromite  quarry  in 
the  island  of  Unst,  Scotland. 

HiERATiTE,  Cossa  (Traus.  Acad.  Line,  III.,  vi.,  14). — A  potassium  fluo-silicate,  2KP  + 
SiF*,  obtained  in  octahedral  crystals  from  an  aqueous  solution  of  part  of  stalactitic  concre- 
tions found  at  the  f umaroles  of  the  crater  of  Vulcano.  The  concretions  have  a  grayish  color, 
a  spongy  texture,  rarely  compact,  and  consist  of  hieratite,  lamellee  of  boracic  acid,  with 
selensuTphur,  arsenic  sulphide,  etc. 

HoMiLTTE,  Paijkull.— Near  gadolinite  and  datolite  in  angles  and  habit.  H.  =4*5-5. 
(t.  ~  3*34.  Lustre  resinous  to  vitreous.  Color  black  or  blackish  brown.  Translucent  in 
tliin  splinters.  Composition  FeCaBsSiado,  or  analogous  to  datolite.  From  the  Stocko, 
near  lirevig,  Norway. 

HoPEiTE. — Composition  probably  ZusPaOd  H-  4  aq.     Orthorhombic.     Altenberg. 

IliJBNERiTE,  p.  383. — Found  (Jenney)  near  Deadwood,  Black  Hills,  Dakota.  Alsoinrho- 
dochrosite  at  Adervielle,  in  the  Hautes  Pyrenees. 

HuNTiLiTE,  Wurtz. — An  impure  massive  mineral  from  Silver  Islet,  Lake  Superior,  re- 
garded as  a  basic  silver  arsenide. 

Hyalotekite.  NordenskiOld. — Coarsely  crystalline,  massive.  H.  =  5-5*5.  G.  =  8*81. 
Lustre  vitreous  to  greasy.  Color  white  to  pearly  gray.  Analysis  (incomplete) :  SiOa  89*62, 
PbO  25-30,  BaO  20 66,  CaO  700,  ign.  0-82,  AlaO.KaO,  etc.,  tr.    From  lAngban,  Sweden. 

Hydro^krussite,  NordenskiOld. — A  hydrous  lead  carbonate,  occurring  in  white  or  color- 
l<'ss  crystalline  plates  on  native  lead  at  L&ngban,  Sweden. 

Hydrofranklinite,  Roepper. — A  hydrous  oxide  of  zinc,  manganese  and  iron,  occurring 
in  brilliant  regular  octahedrons,  with  perfect  octahedral  cleavage.  Sterling  Hill,  N.  T, 
Never  completely  described. 

Hydrophilite,  Adam. — Calcium  chloride  ;  see  chlorocalcite,  p.  260. 

Hydrorhodonite,  Engatrdm. — A  hydrous  silicate  of  manganese  (MnSiOi  +  aq).  MassiTe, 
crystalline.     Color  red  brown.     L&ngban.  Sweden. 

Ilesitk,  Wuensch. — In  loosely  adherent  crystalline  aggregates.  Color  white.  Taste 
bitter,  astringent.  Composition  (M.  W.  lies)  RSO4  +  4  aq,  with  R=  Mn  :  Zn  :  Fe  =  5: 
1:1.     Occurs  in  a  siliceous  gangue  in  Hall  Valley,  Park  Co.,  Colorado. 

loDOBROMiTE,  V.  Lasaulx. — Isometric,  octahedral.  G.  =  5 '718.  Color  sulphur  yellow, 
sometimes  greenish.  Composition  2Ag(Cl,Br)  +  Agl.  From  the  mine  ''SchOne  Aus- 
sicht."  Dembach,  Nassau. 

Iron,  p.  226.— The  later  investigations  of  the  so-called  meteoric  iron  of  Ovifak,  Diaco 
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Bay,  Greenland,  more  especially  by  TSmebohm  and  J.  Lawrence  Smith,  leave  no  doabt  that 
it  is  in  fact  terrestrial. 

Jamesonitb,  p.  251. — Occurs  in  Sevier  Co.,  Arkansas,  with  other  ores  of  antimony. 

Jarosite. — Occurs  in  tabular  rhombohedral  crystals  at  the  Vulture  mine,  Arizona 
(Silliman),  and  at  the  Arrow  mine,  Chaffee  Co.,  Colorado  (KOnig).  Comj>osition  KaSO^-f- 
PeaSiOia  +  2Pe,H«0.. 

Kentroutb,  Damour  and  vom  Rath.  — In  minute  orthorhombic  crystals,  grouped  in 
sheaf-like  forms  like  stilbite.  H.  =  5.  Q.  =  6*19.  Color  dark  reddish  brown.  Composition 
probably  Pb2Mn2Si209.    Prom  Southern  Chili. 

Kbennbrite,  vom  Hath  {Bunseninj  Krenner). — Orthorhombic;  in  vertically  striated 
prismatic  crystals.  Color  silver  white  to  brass  yellow.  Lustre  metallic,  brilliant.  A  tellu- 
ride  of  gold,  perhaps  related  to  calaverite.     Nagyag,  Transylvania. 

Lautite,  Prenzel. — Generally  massive.  H.  =8-8-5.  0=496.  Metallic.  Color  iron 
black.    Pormula  given  CuAsS,  out  very  probably  a  mixture.    Lauta,  Marionberg,  Saxony. 

Lawrencitb,  Daubree. — Iron  protochloride  occurring  in  the  Greenland  native  iron,  etc. 

Leadhillite,  p.  890. — Susannite  is  very  probably  identical  with  leadhillite. 

Leidtite,  K5nig. — ^Tn  verruciform  incrustations,  consisting  of  fine  scales.  Color  various 
shades  of  green.  A  hydrous  silicate  of  aluminum,  iron,  magnesium,  and  calcium.  Leiper- 
ville,  Delaware  Co.,  Penn. 

Leucitb,  p.  318. — Has  been  made  artificially  by  Pouque  and  Levy  ;  also  an  iron  leueite 
has  been  made  by  Hautefeuille  ;  optical  character  as  of  natural  crystals. 

LbucociIalcite,  Sandberger. — In  slender,  nearly  white  crystals.  According  to  an  imper- 
feet  description,  an  arsenical  tagilite.     Wilhelmine  mine  in  the  Spessart. 

Leucophanite,  p.  300. — Monoclinic  (Bcrtrand,  Groth),  twins  analogous  to  those  of  har- 
motome. 

Leucotilb,  Haro. — In  irregularly  grouped  silkv  fibres  of  a  green  color.  Analysis  :  SiOt 
28-98,  A1,0,  6-99,  Pe^Oa  81C,  MgO  29*78,  CaO  7-37,  I^a^O  1-32,  K^O  tr.,  11,0  17-29  =  99-89. 
Reichenstein,  Silesia. 

LiBETHENiTE,  p.  378. — Pscudo-orthorliombic,  monoclinic,  according  to  Schrauf. 

Liskrardite,  Maskelyne. — Massive,  incrusting.  Color  white.  Stated  to  have  the  compo- 
sition A18AsjOm,16H20.     Not  fully  described.     Liskeard,  Cornwall. 

LrviNGSTONiTE,  p.  232.  — Compositiou  probably  IlgaS  -h  4Sb3Ss. 

LouiSFTE,  Honeymann. — A  transparent,  glassy,  Icek-green  mineral.  H.  =  OS.  G.=  2*41. 
Analysis  (H.  Louls)  :  SiOa  63  74,  AUO3  0  57,  PeO  125,  MnO  tr.,  CaO  17-27,  MgO  0*88, 
K2O  3  38,  Na,O0-08,  H^O  12  96  =  99-63. 

Macparlanite,  Sibley. — A  name  given  to  the  complex  granular  silver  ore  of  Silver  Islet, 
Lake  Superior,  which  has  yielded  the  supposed  huntuite. 

Magnoute,  p.  a.  Genth. — In  radiating  tufts  of  minute  acicular  crystals.  Color  white. 
Lustre  silky.  Composition  perhaps  Hg^TeOi.  A  decomposition  product  of  coloradoite, 
Keystone  mine,  Magnolia  District,  Colorado. 
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Mallabdite,  Carnot. — In  colorless  cystalline  fibrous  masses.  Composition  MnS04  +  7aq. 
From  the  **  Lucky  Boy"  silver  mine,  Butterfield  Canon,  near  Salt  Lake,  Utah. 

Manganosite,  Blorastrand. — Isometric.  Cleavage  cubic.  H.  =  5-6.  G.  =  5'118. 
Lustre  vitreous.  Color  emerald  green  on  fresh  fracture,  becoming  black  on  exposure. 
Composition  MnO.     From  Langban,  and  from  the  Mossgrufva,  Xordmark,  Sweden. 

Marmairoltte.  Hoist. — In  fine  crystalline  needles.  H.  =5.  G.  =3  07.  Color  pale 
yellow.  Composition  near  enstatite,  but  with  6  p.c.NajO  and  1-9  p.c.  K^O.  L&ngban, 
Sweden. 

Matricite,  Hoist.— In  crj'stalline  masses.  H.  =  3-4.  G.  =2 "53.  Color  gray.  Feel 
greasy.  A  hydrous  silicate  of  magnesium,  near  villarsite,  but  with  one  molecule  HaO. 
From'  the  Krangrufva,  Wermland,  Sweden. 

Melanotektte,  LindstrSm. — Massive,  cleavable.  H.  =  6  5.  G.  =  5  73.  Lustre  metallic 
to  rcsinou.'*.  Color  black  to  blackb<h  gray.  Composition  PbaFcaSiaOB  (analogous  to  ken- 
trolite).     With  magnetite  and  yellow  garnet  at  Langban,  Sweden. 

Melanotdallite,  Scacchi. — Copper  chloride  from  Vesuvius. 

Melantebfte,  p.  iid^.—Liickite  of  Carnot  is  a  variety  containing  lO  p.c.  MnO.  **  Lucky 
Boy  "  silver  mine,  Butterfield  Canon,  near  Salt  Lake,  Utah. 

Meliphanite,  p.  300. — Tetragonal  according  to  Bertrand. 

Menaccanhte,  p.  269 — Hydroilmenife  of  Blomstrand  is  a  partially  altered  variety,  con- 
taining a  little  water.     From  SmMand,  Sweden. 

Mica  Group,  })p.  311  to  315. — Tschermak  has  shown  that  all  the  species  of  the  mica 
group  are  monoclinic.  an  axis  of  elasticity  being  inclined  a  few  degrees  to  the  plane  of 
cleavHge  ;  these  conclusions  are  confirmed  by  Bauer  ;  and  von  Kokscharof  shows  that  in 
angle  there  is  no  sensible  deviation  from  the  orthorhombic  type. 

Tschermak  divides  the  species  into  two  groups  as  follows  : 

L  II. 

BioWes:  Anomite.  Meroxene,  Lepidomelane. 

Phlogapiies :  Phlogopite,  Zmnwaldite. 

(  Lepidolite, 
Muscovites :  <  Muscovite, 

(  Paragonite. 
Margarita :     Margarite. 

In  group  I.  are  included  all  the  micas  in  which  the  optic  axial  plane  is  perpendicular  to  the 
plane  of  symmetry  ;  and  group  II.  includes  those  in  which  it  is  parallel  to  the  plane  of 
symmetry.  Thus,  the  former  species  biotite  is  divided  on  this  principle  into  anoniite 
{civn/io^,  contriiry  to  law)  and  meroxene  (Breithaupt's  name  for  the  Vesuvian  biotite).  For 
example,  the  mica  occurring  with  diopside  in  granular  calcite  at  Ijake  Baikal  is  anomite, 
as  also  that  from  Greenwood  Furnace.  N.  Y.  Meroxene  is  represented  by  the  Vesuvian 
magnesian  mica.  Muscovite  includes  also  some  of  the  "hydro-micas"  to  all  of  which 
belonijthe  f<>rnHila(II,K)«Al2Si20H  ;  phenfiiie  is  a  name  given  to  some  nmscovites  approach- 
ing lef)i(l()lito  in  composition,  and  thus  not  conforming  to  the  unisilicate  type.  For  the  full 
discussion  of  the  subject,  see  the  original  memoirs  of  Tschermak  and  also  those  of  Rammels- 
lierg,  etc  ,  referred  to  in  Appendix  III. 

Ilau'.htohitr  (ileddle).  from  Scotch  granite,  etc.,  is  a  variety  of  biotite,  characterized  by 
containincj  much  FeO  (to  19  p.c  )  and  little  MgO.  Siderophi/Uite  (H.  C.  Lewis)  from  Col. 
orado  contains  all  FeO  (25-5  p.c.)  and  only  a  trace  of  magnesia. 

MimoLrrE,  p.  359. — In  small  brilliant  octahedrons,  light  gravish  yellow  to  blackish  brown 
(Nordenskiold),  at  Ut«,  Sweden.  G.  =  5*25.  Composition  CcbTaaOi,  with  also  MnO  and 
MgO. 
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Occurs  at  the  mica  mines  of  Amelia  Co.,  Virginia  (Dunnington).  In  modified  octa- 
hedrons, also  in  large  (to  4  lbs.)  imperfect  crystals.  G.  =  5*656.  Composition  essentially 
CasTaaO?,  with  also  i  CbOF».     Also  occurs  at  Branch ville,  Conn.  (Brush  and  Dana). 

Haddamite  of  Shepard,  from  Haddam,  Conn.,  is  related,  perhaps  identical. 

MiLABiTE.— Orthorhombic,  pseudo-hexagonal.  Composition  UKCanAlaSiaaOso.  Origin- 
ally described  from  Val  Miiar,  but  really  (Kuschel)  from  Yal  Giuf,  Switzerland  (giufite). 

MiMETiTE,  p.  866. — According  to  Bertrand  and  Janncttaz,  crystals  of  pure  lead  arsenate 
are  biaxial ;  as  the  amount  of  lead  phosphate  increases  the  angle  diminishes  and  pure  lead 
phosphate  (pyromorphite)  is  uniaxial ;  but  this  may  be  due  to  the  grouping  of  uniaxial 
crystals  in  positions  not  quite  parallel.  Occurs  with  vanadinite  in  Yuma  Co.,  Arizona 
(Silliman,  Blake). 

MixiTE,  Schrauf. — Incrusting,  crypto-crvstalline.  Color  emerald  to  bluish  green.  H, 
=  8-4.    O.  =2*66.     A  hydrous  arsenate  of  copper  and  bismuth.    Joachimsthal. 

MoLTBDENiTE,  p.  233. — Perhaps  orthorhombic  (Groth). 

MoLTBDOMEXiTE,  CoBALTOMENiTE,  Bertrand  (Bull.  Soo.  Min.,  v.  90). — Minerals  belonging 
to  the  same  group  of  selenitcs  as  chalcomenite.  Molyhdomenite  is  a  lead  selenite,  occur- 
ring in  thin  white  lamellae,  nearly  transparent,  orthorhombic,  two  cleavages.  CobaUome^ 
nite  is  a  cobalt  selenite  in  minute* rose-r^  crystals  occurring  in  the  midst  of  the  selenides 
of  lead  and  cobalt.     From  Cacheuta,  Argentine  Republic. 

MoNAZiTE,  p.  368. — From  Areudal,  a  normal  phosphate  (Rammelsberg)  of  cerium,  lan- 
thanum and  aidymium,  containing  no  thorium  nor  zirconium. ,  PenHciu  has  proved  that 
the  thorium  sometimes  found  is  due  to  admixed  thorite.  Turnertte,  according  to  Plsani, 
has  the  same  composition. 

Occurs  in  very  brilliant  highly  modified  crystals  at  Milholland's  Mill,  Alexander  Co.,  N. 
C. ;  also  at  other  localities  in  North  Carolina  (Hidden).  In  large  masses  with  microlite  afe 
the  mica  mines  of  Amelia  Co.,  Va. ;  also  at  Portland  (near  Middletown)  Conn. 

MoNETiTE,  C.  U.  Shepard  and  C.  U.  Shepard,  Jr.— In  irregular  aggregates  of  small  tri- 
clinic  crystals.  II.  —  35.  G.  =275.  Lustre  vitreous.  Color  pale  yellowish  white.  Semi- 
transparent.  Composition  HCaPO^,  requiring  P-Oc  52-JO,  CaO  41  18.  H,0  6-62  =  100. 
Occurs  with  gypsum  and  monito  at  the  guano  islands,  Moneta  and  Mona,  in  the  West 
Indies. 

MoNiTE  occurs  as  a  slightly  coherent,  uncrystalliue,  snow-white  mineral.  G.  =  2*1. 
Composition  perhaps  CasPaOo  4-  HaO. 

MoRDE^aTE. — Steeleite  of  How  is  an  altered  mordenite  from  Cape  Split,  N.  S.  Mor- 
denite  (Ilow)  has  the  composition  SiOa  6840,  AUO,  12-77,  CaO  8'46,  Na^O  2-35,  H,0 
1302  =  100. 

Naoyaqite,  p.  249. — Perhaps  orthorhombic  (Schrauf). 

Natrolitk,  p.  342. — Monoclinic,  according  to  LQdecke. 

Neocyanite,  Scacchi. — In  minute  tabular  crystals  of  a  blue  color.  Supposed  to  be  an 
anhydrous  copper  silicate.     Mt.  Vesuvius. 

Nephrite,  p.  297.— The  general  subject  of  nephrite  and  jadeit©  in  their  mineralogical 
and  archHK)logical  relations  has  been  exhaustively  discussed  by  Fischer  in  a  special  woric 
on  that  subject. 

Newberttte,  Yom  Rath. — In  rather  large  tabular  orthorhombic  crystals.  Compositioa 
MgsUaPaOa  +  6  aq.     From  the  guano  of  tne  Skipton  Caves,  Victoria. 
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NrTBOBABiTB.— Ciystals  of  native  barium  nitrate  have  been  obtained  from  Chili;  in 
apparent  octahedrons  formed  of  the  two  tetrahedrons. 

NocBRiNE,  Scacchi,— In  white  aeicular  crystals,  perhaps  rhombohedral ;  regarded  as  a 
double  fluoride  of  calcium  and  magnesium.     From  the  volcanic  bombs  of  Nocera. 

OcTAHEDBiTE  (Auatase),  p.  277. — Belongs  to  the  monoclinic  system,  according  to  Mal- 
lard's view  (See  p.  186). 
Found  in  nearly  colorless  transparent  crystals  at  Brindletown,  Burke  Co.,  N.  C.  (Hidden). 

OxoFRiTE.— A  massive  mineral  (G.  =  7  62),  from  Marysvale,  Utah,  has  the  composition 
Hg(S,Se),  with  S  :  Se  =  6  : 1.  It  thus  corresponds  nearly  with  Haidinger's  onofrite,  which 
has  S  :  Se  =  4  :  1. 

Obpiment  (p.  t>81)  and  realgar  (p.  231)  occur  in  Iron  Co.,  Utah  (Blake). 

Orthoclase,  p.  825. — Klockmann  (Z.  Kryst.,  vi.,  493)  has  described  twins  of  orthoclase 
from  the  Scholzenberg,  near  Warmbrunn,  in  Silesia,  the  twinning  planes  in  different  cases 

were  i-i,  0,  2-i,  2-i,  /,  t-3. 

Orthite,  p.  808. — Found  in  imperfect  bladed  crystals  at  the  mica  mines  in  Amelia  Co., 
Virginia,  with  monazite,  columbite,  etc. 

Ottrelitb,  p.  858.— A  variety  of  ottrelite  from  V^nasque,  in  the  Pyrenees,  has  been 
called  venasquite  (Damour). 

Oxammite. — Ammonium  oxalate  (Shepard)  from  the  Guanape  Islands.  Also  called  guanch 
pite  by  Raimondi. 

OzocEBiTE. — A  related  mineral  wax  has  been  found  in  large  quantities  in  Utah. 

Pachnolite,  p.  265. — See  ihomsenolite,  p.  488. 

Peckhamite,  J.  L.  Smith. — From  the  Estherville,  Emmet  Co.,  Iowa,  meteorite.  In 
rounded  nodules,  with  greasy  lustre,  and  light  greemsh-yellow  color.  G.  =  8*28.  Compo- 
sition equivalent  to  two  molecules  of  enstaUte  and  one  of  chrysolite. 

Pectoltte,  p.  827. — TTo/Amfe  (Heddle)  is  a  closely  related  mineral  from  the  Corstor- 
phine  Hill,  near  Edinburgh,  Scotland. 

Pelagite,  Church.— a  name  given  to  the  composite  manganese  nodules  obtained  by  the 
"  Challenger"  from  the  bottom  of  the  Pacific. 

PENwrrHrrE,  Collins.— Described  as  a  hydrated  silicate  of  manganese  (MnSiOa  +2aq) 
from  Penwith,  Cornwall. 

Perofskite,  p.  270.— Recent  observations  refer  it  to  the  ortborhombic  sjrstem,  the  crp- 
tals  being  complex  twins.  Ben-Saude,  however,  regards  it  as  isometric  and  parallel 
hemihedral,  the  observed  double  refraction  being  due  to  secondary  causes,  see  p.  190. 

Petalite,  p.  295. — Hydrocastorite  is  an  alteration  product  of  castorite  from  Elba  (Grat- 
tarola). 

Pharmacosidebite,  p.  376. — Pseudo-isometric,  according  to  Bertrand,  see  p.  186. 

PHENAcrrs,  p.  801.— Obtained  well  crystallized  from  Switzerland,  perhaps  from  Val 
Giuf.    Also  (Cross  and  Hillebrand)  from  near  Pike's  Peak,  El  Paso  Co.,  Colorado. 

PHiLLiPsriE,  p.  845.— Crystalline  system  monoclinic  (Streng),  with  a  higher  degreo  at 
pseudo-symmetry  due  to  twinning. 

28 
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PHOBPnxTRANYLiTE,  Gknth. — As  a  pulverulent  incrustation,  of  deep  lemon-yellow  color. 
Composition  probably  (U09)sP90(^  +  6  aq  Occurs  with  other  uranium  minerals  at  the 
Plat  Rock  mine,  Mitchell  Co.,  N.  C. 

PiciTB,  Nies. — An  amorphous,  dark  brown  hydrous  iron  phosphate  from  the  Eleonore 
mine  and  the  Rothlftufchcn  mine,  near  Giessen.    Of  doubtful  homogeneity. 

PiCKERiNoiTE,  p.  895. — Sonomaite  (Goldsmith),  from  the  Geysers,  California,  and  pieroeU^ 
lumogene  (Roster),  from  Elba,  are  closely  related  minerals. 

PiLOUTE,  HeddK — A  name  suggested  for  some  minerals  from  Scottish  localities  of  nearly 
related  composition,  which  have  gone  by  the  names  "  mountain  leather  "  and  '*  mountain 
cork." 

Plagiocitrite,  Sandber^r,  Singer. — A  hydrous  sulphate  of  alumina,  iron,  potassium, 
sodium,  etc.,  occurring  in  lemon-yellow  microscopic  crystals,  and  formed  from  the  decom- 
position of  pyrite  at  the  Bauersberg,  near  Bischofsheim  vor  der  Rh5n. 

Platinum,  p.  223. — A  nugget  weighing  104  grams,  and  consisting  of  46  p.c.  platinum 
and  64  p.c.  chromite,  was  found  near  Plattsburgh,  N.  Y.  (Collier). 

Plumbomaxganite,  Hannay. — Described  as  a  sulphide  of  manganese  and  lead,  but  doubt- 
less a  mixture.    Source  unknown. 

Plumbostannite,  Raimondi. — An  impure  massive  mineral,  described  as  a  sulph-autimo- 
nite  of  tin,  lead  and  iron,  but  of  doubtful  homogeneity.     From  the  district  of  Moho,  Peru. 

Polydymite,  Laspeyres.— Isometric,  octahedral.  11.  =  4*5.  G.  =  4-808-4  816.  Com- 
position Ni4S6.  Prom  GrQnau,  Westphalia.  Laspeyres  regards  the  saynite  of  von  Kobell, 
grQnauite  of  Nicol,  as  an  impure  polydymite. 

Polyhalite,  p.  898. — Krugite  (Precht)  is  a  related  mineral  from  Xew  Stassfurt  Com- 
position, if  homogeneous,  EaSOi  +  MgS04  +  4CaS04  +  2  aq. 

Pricette,  p.  882. — Pandermite  (vom  Rath)  is  a  borate  from  Pandermaon  the  Black  Sea, 
near  priceite,  if  not  identical  with  it 

PsBUDOBBooKiTE,  Koch.— In  thin  tabular  striated  crystals,  orthorhombio.  H.  =  6. 
G.  =  4*98.  Lustre  adamantine,  on  crystalline  faces.  Color  dark  brown  to  black.  Con- 
tains principally  the  oxides  of  iron  and  titanium.  From  the  andesite  of  the  Aranyer  Berg, 
Transylvania,  and  Riveau  Grand,  Monte  Dore,  also  with  the  asparagus  stone  of  Jumilla, 
Spain  (Lewis).    Near  brookite. 

PsEiJDONATROLiTE,  Grattarola.  — In  minute  acicular  crystals.  Colorless.  A  h3rdrous 
silicate  (62*6  p.c.  SiO^)  of  aluminum  and  calcium.     From  San  Piero,  Elba. 

PsiLOMEr.ANE,  p.  282. — Calvonigrite  (Laspeyres)  from  Kftltebom  is  a  variety. 

Pyrite,  p.  243. —Occurs  in  highly  modified  crystals  in  Gilpin  Co.,  Colorado. 

Pyrolusite,  p.  278.— According  to  Groth,  the  prismatic  angle  is  99'  80 . 

Pyrophosphortte.  C.  U.  Shepard.  Jr. — A  massive,  earthv.  snow-white  mineral  from  the 
West  Indies.     Described  as  a  pyrophosphate  of  calcium  and  magne8ium. 

Pyrruotite.  p.  241. — Perhaps  only  pseudo-hexagonal,  the  apparent  form  due  to  twin- 
ning. 

<^A&TZ,  p.  284. — The  smoky  quartz  of  Branchville,  Conn.,  contains  very  large  quanti- 
Uee  of  liquid  CO,  (Hawes),  also  N;H,S,SO„HaN,P  (A.  W.  Wright). 
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Ralstontte,  p.  205.— Composition  (Brandl)  3(Na9,Mg,Ca)P,  +  8Al.iFe+  6H2O. 

Randite,  K6nig.  — A  canary  yellow  incrustation  on  granite  at  Frankford,  near  Phil^ 
delphia.     Contains  calcium  and  uranium,  but  composition  doubtful. 

Reddtn'oite,  G.  J.  Brush  and  E.  S.  Dana. — Orthorhombic  ;  habit  octahedral  ;  form  near 
that  of  scorodite.  H.  =3-3*5.  G.  =3*10.  Lustre  vitreous  to  sub-resinous.  Color  pale 
rose  pink  to  yellowish  white.  Composition  MusPaOp  +  3  aq,  with  a  varying  amount  of  iron 
(5-8  p.c.FeO).     With  other  mangancsian  phosphates  at  Branch vilie,  Conn. 

Reixite,  K.  v.  Fritsch,  Lildecke. — A  tetragonal  iron  tungstate  (FeWO*)  near  scheelite  in 
form,  and  perhaps  a  pseudomorph.     From  Kimbosan,  Japan. 

Re8IN. — The  following  are  names  recently  given  to  various  hydiocarbon  compounds  : 
ajkite,  bcmardinite,  celestialite,  dnxite,  gedahite,  hofmannite,  fauminite,  ionite,  ki^flachite, 
muckite,  ncudonBte,  phytocollite,  posepnyte. 

Rhabdophane,  Lcttsom. — A  cerium  phosphate,  perhaps  the  same  as  phosphocerite. 

RiicDocHROsriE,  p.  403. — A  Hungarian  variety,  containing  ;39  p.c.  FeCOs,  has  been  caUed 
manganoMderite  (Ba^er). 
Occurs  at  Branchville,  Conn.,  containing  16*76  p.c.  FeO  (Penfidd). 

Rhodiztte. — According  to  Damour,  rhodizite  of  Rose,  from  the  Ural,  is  an  alkaline  boro- 
aluminate.     Pseudo-isometric  according  to  Bcrtrand. 

Rogeksite,  J.  L.  Smith. — A  thin  mammillary  crust,  of  a  whit^  color,  on  samarskite.  A 
hydrous  columbate  of  yttrium,  etc.,  exact  composition  undetermined.     Mitchell  Co.,  N.  C. 

RoscoELiTE,  p.  367. — A  silicate,  according  to  recent  analyses  by  Genth,  having  the  for- 
mula K(]VIg,FeXAla,  Va)9Si,903a  -h  4  aq  ;  also  (Hanks)  from  liig  ified  Ravine,  near  Suttei^s 
Mill,  CaL 

RosELiTE.  p.  S72. — True  composition  RsAs^Oe  +  2  aq  (Winkler),  hence  analogous  to  faii^ 
fieldite,  p.  426. 

RuBisLiTE,  Heddle. — An  uncertain  chloritic  substance  from  the  granite  of  Rubislaw,  near 
Aberdeen,  Scotland. 

RuTiLE,  p.  276. — Pseudo-tetragonal  according  to  the  view  of  Mallard  (see  p.  186). 
Occurs  in  splendent  crystals  in  Alexander  Co.,  N.  C  (Hidden). 

Samarskite,  p.  361. — The  North  Carolina  mineral  has  been  shown  to  contain  erbium,  ter- 
bium, phillipium^  decipium  (Delafontaine,  Marignac).  A  supposed  new  element,  mosan- 
drum.  was  also  announced  by  Smith.  Vietingnofiie  is  a  ferruginous  variety  from  Lake 
Baikal,  in  the  Ural. 

Sarawakpfb,  Frenzel. — Occnrs  in  minute  crystals  in  the  native  antimony  of  Borneo; 
j>erhaps  senarmontite. 

ScAPor.iTE,  p.  317. — The  scanolites  have  been  shown  by  Adams  to  contain  chlorine  (up  to 
2  48  p.  0.)  when  (juite  unaltered.  The  analyses  of  Nemmar,  Sip()oz,  and  Becke  prove  the 
same. 

OnianolUe  (Shepard)  is  a  variety  occurring  in  limestone  at  Oalway)  Ontario,  Canada. 

Schxekbebgite,  Brerfna.— In  Isometric  octahedrons  of  a  honey-yellow  color  from  Schnee- 
berg,  Tyrol.     Contains  lime  and  antimony,  but  exact  composition  unknown. 

ScHOBLOMiTE,  p.  387.  — The  80-called  scborlomite  of  the  Kaiserstuhl  is,  aooording  to  Knop. 
either  a  titaniferous  melanite  or  pyroxene. 
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Semsetite,  Krenner.— stated  to  be  rebited  to  plagionite ;  from  Felsdbanja.  Kot  jet 
described. 

Senabmontite,  p.  284.— Pseudo-isometric  according  to  Mallard  (p.  1^6).  Groese-Bohle, 
who  has  investigated  the  subject,  suggests  the  same  for  arsenolite. 

Sepiolite,  p.  349. — Chester  has  analyzed  a  fibrous  variety  from  Utah. 

Serpentine,  p.  350. — Schrauf  (Z.  Kryst.,  vi..  321)  has  studied  the  magnesia  silicates  from 
the  serpentine  region  near  Budweis,  Southern  Bohemia.  H^  introduces  the  following  new 
names  :  Kelyphiie,  a  serpentinous  coating  of  altered  crystals  of  pvropc  ;  En  ophite,  a  chloritic 
variety  of  serpentine  ;  Ler/tilUe  (wrong  orthography  for  lennifite)  in  composition  n^r  the 
vermiculite  of  Leimi  (Cooke),  hence  name  ;  SUiciophite^  a  heterogeneous  8ut)stance  high  in 
silica ;  Hydrobiotite  (same  name  used  by  Lewis)  a  hydrated  biotite ;  Berlanite^  a  chloritic 
substance  filling  cavities  between  the  granite  and  serpentine  ;  Schuehardtite,  the  so-called 
chrysopraserde  from  Glasendorf,  Silesia.  He  also  uses  the  general  name  parachlorite  tor 
substances  conforming  to  mAlaSisOia  +  nRtSiOi  +  paq,  and  protochlorite  for  those  corre- 
sponding to  wAUSiOft  +  n(R4Si04)  -h  pB/i\. 

Totaigite  (Heddlc)  is  an  uncertain  serpentinous  mineral,  derived  from  the  decomposition 
of  malacolite.     From  Totaig,  Bosshire,  Scotland. 

Sebpiebite,  Des  Cloizeaux.— In  minute  tabular  crystals ;  orthorhombic.  Color  gieeniah. 
Stated  to  be  a  basic  sulphate  of  copper  (Damour).     From  Liurium,  Greece. 

Stdebazot,  Silvestri.— Iron  nitride,  a  coating  on  lava  at  Etna. 

SiDERONATRiTE,  Raimondl.  —Sidnronatrite^  from  Huantajaya,  Peru,  and  urusite  (Frenzel) 
from  the  island  Tschleken,  Caspian  Sea,  are  hydrous  sulphates  of  iron  and  sodium,  near 
each  other  and  related  to  the  doubtful  bartholomite. 

SiPTUTE.  MalleC. — Tetragonal,  in  octahedrons.  Form  near  that  of  fenrusonite.  Clear- 
age  octahedral ;  usually  massive,  crystalline.  H  =  6.  6.  =  4*89.  Color  brownish  black  to 
brownish  orange.  Essentially  a  columbatc  of  erbium,  cerium,  lanthanum,  didymium, 
uranium,  etc.     With  allanite  on  the  Little  Friar  Mt.,  Amherst  Co.,  Va. 

Smaltite,  p.  245. — Occurs  near  Gothic,  Gunnison  County,  Colorado. 

SPHiBKOcoBALTiTB,  Weiflbach.— In  small  spherical  masses,  concentric,  radiated.  Color 
within  rose-rod.  H.  =  4  G.  =  402-4 18.  Composition  CoCO,.  With  roselite  at 
Schneeberg,  Saxony. 

SpoDiosfTE,  Tiberg. — In  flattened  prismatic  crystals.  A  calcium  phosphate,  and  per- 
haps pseudomorphous.     From  the  Krangrufra,  Wcrmland,  Sweden. 

Sphalerite,  p.  237. — The  sphalerite  from  the  Pierrefitte  mine.  Valine  Argeles,  Pyren^ea, 
contains  gallium  (L,  de  Boisbaudran),  and  various  American  (Cornwall)  and  Norwegian 
(Wleugel)  varieties  afford  indium. 


Spodumene,  p.  295. — The  true  composition  is  expressed  by  the  formula  Li2Al2Si40ia, 
proved  by  numei*ous  recent  analyses. 

Occurs*  in  small  prismatic  crystals  of  a  deep  emerald  green  to  yellowish  green  color,  with 
beryl  (emerald),  rutilc,  monazite.  etc.,  in  Alexander  Co.,  N.  C.  This  variety,  which  has 
been  extensively  introduced  as  a  gem,  was  called  hiddenitc  by  J.  L.  Smith/ after  W.  K. 
Hidden. 

The  alteration  products  of  the  spodumene  of  Chesterfield  aud  Goshen,  Mass.,  have  been 
described  by  A.  A.  Julien. 

Occurs  in  immense  crystals  at  Branch ville.  Conn.  (Brush  and  I)ana).  The  unaltered  miu* 
end  is  of  an  amethystine  purple  color  and  perfectly  transparent,  but  the  crystals  are  mostly 
altered.  This  alteration  nas  yielded  (1)  a  substance  called  /^-spodumene.  apparently  homo- 
geneous, but  in  fact  an  intimat^  mixture  of  albite  and  eucryptite  (q.  v. ,  ji.  42'>) ;  also  cvmatolite, 
a  mixture  of  albite  and  muscovlte  ;  also  albite  alone;  muscovite  ;  microcline,  and  killinita. 
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Stauboute,  p.  886. — XantKolite  (Heddle)  from  near  MiUtown,  Loch  Ness,  Scotland,  is  a 
closely  related  mineral. 

Sternbeegite,  p.  240. — Argentopyriiey  Argyropyrite  and  Frieseite  are  varieties,  or  at 
least  closely  related  minerals.  They  are  essentially  identical  in  form,  while  Streng  shows 
that  the  composition  of  the  series  may  be  expressed  by  the  general  formula  Ag^S  + 
joFe"S«4^,. 

8tibianite«  Ooldsmith. — A  doubtful  decomposition  product  of  stibnite,  near  stibiconite. 
From  Victoria. 

Stibiconite. — Extensive  deposits  of  an  antimony  oxide,  near  stibiconite,  occur  at  Sonora, 
Mexico.     The  ore  carries  silver  chloride. 

Stibnite,  p.  282.— Occurs  with  other  antimony  minerals  in  Sevier  Co.,  Arkansas.  In 
groups  of  large  splendent  crystals  on  an  island  in  western  Japan. 

Stilbite,  p.  346.—  Monoclinic,  and  isomorphous  with  harmotome  and  phillipsite 
/v.  Lasaiilx). 

Strenqite,  Nies. — Orthorhombic,  and  isomorphous  with  soorodite.  Generally  in  spherical 
and  botryoidal  aggreerates.  H.  =  8-4.  G.  =  2  87.  Lustre  vitreous.  Color  various 
shades  of  red  to  colorTess.  Composition  Fe,PaO«  -f  4  aq.  From  the  Eleonore  mine  near 
Geissen,  the  Rothlaufchen  mine  near  Waldgirmes  ;  also  in  cavities  in  the  dufrenite  from 
Kockbridge  Co  ,  Va.  (KOnig). 

Strontianite,  p.  406. — Occurs  at  Uamm,  Westphalia,  sometimes  in  highly  modified 
pseudo-hexagonal  crystals,  resembling  common  forms  of  aragonite  (Laspeyres). 

Stxjtzite,  Schrauf. — A  silver  tellcride,  occurring  in  pseudo-hexagonal  crystals  of  a  lead 
gray  color.     Named  from  a  single  specimen  probably  from  Na^ag. 

SzABoiTE,  Koch. — In  minute  triclinic  cr^tals,  near  rhodonite  in  form.  H.  =  6-7.  G. 
z=  8*505.  Lustre  vitreous ;  |ometimes  tendmg  to  metallic  and  pearly.  Color  hair  brown  ; 
in  very  thin  translucent  crystals  brownish  re£  A  silicate  of  calcium  and  iron  (RSiOa)  re- 
lated to  babingtonite.  Occurs  with  pseudobrookite  in  the  andesite  of  the  Aranyer  ^i^, 
Transylvania;  Mt.  Calvario,  Etna  ;  Riveau  Grand,  Monte  Dore. 

Szmikite,  v.  SchrOckinger. — Amorphous,  stalactitic.  Color  whitish  to  reddish.  Com- 
position MnS04  4-  II9O.     FelsObanya,  Transylvania. 

TALKTRrPLiTE  (IgelstrOm). — A  phosphate  of  iron,  manganese,  ma&:nesium  and  calcium  ; 

Erobably  a  triplite  remarkable  as  containing  MgO  (17*42  p.c.)  and  CaO  (14*91).     From 
lorrsjoberg  in  Wermland,  Sweden. 

Tantalite,  p.  J559. — Occurs  in  North  C!arolina;  in  Coosa  Co.,  Ala. 

MangantantaWe  (NordenskiGld)  is  a  manganesian  variety  (9  p.c.  MnO)  from  Ut6,  Sweden. 

Tarapacaitk.  Raimondi. — A  supposed  potassium  chromate,  occurring  in  bright  yellow 
fragments  in  tiie  midst  of  the  soda  nitre  from  Tarapaca,  Peru. 

Taznite,  Domcyko. — Regarded  as  an  arsenio-antimonate  of  bismuth,  but  probably  a 
heterogeneous  substance. 

Tellurite.— The  tellurium  oxide  (TeOf>  occurs  in  minute  prismatic,  yellow  to  white 
crystals,  imbedded  in  native  tellurium  ;  also  incmsting.  Keystone,  Smuggler  and  John 
Jay  mines  in  Colorado. 

Tellurium,  p.  227. — An  impure  variety  from  the  Moontain  Lion  mine,  Colorado,  has 
been  called  lionitb. 
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Tknnantite,  p.  256. — Fredricite  (H.  Sjogren)  is  a  variety  from  Fain,  Sweden,  coft« 
taininglead  (U  p.c),  tin  (1*4  p.c.)  and  silver  (2*9  p.c). 

Texorite,  p  267. — Made  triclinic,  on  optical  grounds,  by  Kalkowsky. 

Tequesquite. — A  corruption  of  tiK][uLzquitl,  a  name  used  in  JVlexico  to  designate  a  mix* 
tare  of  diilerent  salts. 

Tetrahedbite,  p.  255. — Occurs  near  Central  City,  Gilpin  Co.,  Colorado,  in  crystals 
coating  chalcopyrite  in  parallel  position.  ^Vlso  at  Newburyport,  Mass. ;  in  Arizona  (IG'28 
p.c.  PbJ. 

Frigidite  (D'Achiardi)  is  a  variety  with  12*7  p.c.  Fe,  etc.,  from  the  VuUe  del  Frigido, 
Apuan  Alps. 

Thaumasite,  Nordenskidld. — Massive,  compact.  H.  =  8'5.  G.  =  1*877.  Color  white. 
Lustre  greasv,  dull.  Composition  deduced  CaSiOs  +  CaCOs  +  CaSO*  +  14  aq,  but  it  is 
very  doubtful  whether  the  material  analyzed  was  homogeneous. 

Thenabdite,  p.  ^90. — Occurs  in  large  deposits  on  the  Rio  Verde,  Arizona  (Silliman). 


Thomsexolite,  p.  265. — According  to  Klein  and,  later,  Brandl  and  Groth,  thomsenolite 
and  pachnolite  are  distinct  minerals.  ThonisenoUte  is  monoclinic,  (i  =  89"*  37^',  and  c 
(vert.)  :b:d=  1-0877 : 1  :  0  9959,  and  has  the  composition  (Na  4-  Ca)F,  +  Al,Fa  -t-  H,0. 
Fach?wUte  is  nionoclinic,^  =  89^  4C',  c  (vert.)  :b  :  d—  1*5320: 1  : 1  626,  and  has  the  compo- 
sition (Na  -I-  Ca)F3  +  AlaF«.  Pachnolite  is  a  cryolite  with  two  sodium  atoms  replaced  by 
one  calcium  atom,  imd  thomsenolitc  is  the  same,  with  also  one  molecule  of  water. 

Thomsoxite,  p.  342.  —Occurs  in  amygdules  in  the  diabase  of  Grand  Marais,  Lake  Supe- 
rior ;  also  in  polished  pebbles  on  the  InKo  shore.  The  pebbles  are  sometimes  ojiaque  white, 
like  porcelain  ;  sometimes  green  in  color  and  granular  (variety  called  lintonite)  ;  some- 
times with  fibrous  radiated  structure,  of  various  colors,  and  of  great  beauty.  The  last  are 
valued  as  ornaments. 

Thinolite. — Calcium  carbonate,  forming  large  tufa-like  ^PP^^sits  in  Nevada,  a  shore 
formation  of  the  former  Lake  Lahontan.  Regarded  by  King  as  pseudomori)h  after  gay- 
lussite,  but  this  is  doubtful. 

Thorite,  p.  340. — A  variety  of  thorite  is  called  uranothorite  by  Collier  ;  it  contains 
9*96  U2O3.  Massive.  G.  =  4-126.  Color  dark  red-brown.  From  the  Champlain  iron 
region,  N.  Y. 

TiTANiTE,  p.  385.— Oc(;ur8,  often  in  enormous  crystals  or  groups  of  crystals,  at  Renfrew, 
Canada,  with  zircon  (twins),  a])atite  and  amphibole. 

Alshedife  (Blomstrand)  is  a  variety  from  Smaland,  Sweden,  containing  2*8  p.c.  YO. 

Titanomorphite  is  a  name  given  by  v.  Lasaulx  to  a  |)art  of  the  wlute  granular  aggregates 
surrounding  rutile  and  menaccanitc,  and  derived  from  their  alteration.  It  is  a  calcium  tita- 
nate,  according  to  Bettondorff*s  analysis,  but  Cathrein  (Z.  Kryst.,  vi.,  244)  shows  that  it  is 
really  a  variety  of  titanite.  Tjeucoxene  is  a  name  earlier  (1874)  given  by  Giimbel  for  a 
similar  substance  of  doubtful  chemical  nature  often  observed  m  rocks  ;  according  to 
Cathrein  it  is  a  titanite  with  or  without  a  mixture  of  rutile  microlites. 

« 

Topaz,  p.  33.?. — Pscudo-orthorliombic  (monoclinic),  according  to  the  view  of  Mallard 
(see  p.  186). 
Occurs  near  Pike's  Peak,  El  Paso  Co.,  Colorado,  and  at  Stoneham,  Maine. 

ToRBANHTE,  p.  41S.—  Wollongon(;iteljp.  416)  is  referred  to  torbanile  by  Liversidge  ;  it  is 
from  Hartley,  New  South  Wales,  not  Wollongong,  so  that  the  name  is  inappropriate. 

TouRMALrxE,   p.   329.— Pseudo-rhombohedrul    according  to  the  view  of  Mallard  (see 
?•  186). 
Occurs  in  white,  nearly  colorless  crystals,  at  De  Kalb,  St.  Lawrence  Co.,  N.  Y, 
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Tridtmite,  p.  288. — Pseudo-hexagonal  (triclinic),  according  to  Schuster  and  also  t. 
Lasaulx.     Aijmanite  is  probably  identical  vrith  it. 

llautefeuille  has  made  it  artificially;  and  it  has  been  observed  with  zinc  spinel  as  a  result 
of  the  alteration  of  zinc  muffles. 

Teiphylitk,  p.  369.— The  composition  (Penfield)  is  LiFePO*  =  LijPO*  +  FcP^Ob,  with 
the  iron  replaced  by  manganese  in  part. 

fAthiophUUe  (finish  and  Dana)  is  a  variety  almost  free  from  iron  (down  to  4  p.c),  and 
corresponding  to  the  formula  LlMnPO*  =  LijPO*  +  MnsPaO,,.  Massive,  cleavaole  (0.  7, 
i-t).  Color  ?almon, — honey  yellow,  yellowish  brown,  light  clove  brown.  Occurs  with  other 
ian  phosphates  in  pegmatite,  at  Branch ville,  Fairtiold  Co.,  Conn. 


inanganosian 


Triploidite  (G.  J.  fimsh  and  E.  S.  Dana). — Monoclinic,  near  wagnerite  in  form.  Gen- 
erally in  fibrous  crystalline  aggregates.  H.  =  4-5-5.  G.  =  8  C97.  J.ustre  vitreous  to 
greasy  udamantinc.  Color  yellowish  to  reddish  brown,  topaz  yellow,  hvacinth  red.  Trans- 
{mrcnt.  Composition  RjPaOs  -+-  R(OH)a.  with  R  =  Mn  :  Fe  =  3 :  1 ;  lience  analogous  to 
triplito,  but  with  (OH)  replacing  F.  With  other  manganesian  phosphates  (eosphorite, 
lithiophilite,  etc.)  from  Branch  ville,  Conn. 

Trippkeite,  Damour  and  vom  Bath. — In  small  brilliant  crystals,  tetragonal.  Color 
bluish  green.  Stated  to  be  a  hydrous  arsenite  of  copper.  With  olivenite  in  cuprite  from 
Copiapo,  Chili. 

TvsoxiTE,  Allen  and  Comstock. — Hexagonal.  Cleavage  basal.  H.  =4*5-5.  G.  =6*18. 
Lustre  vitreous  to  resinous.  Color  pale  wax  yellow.  Composition  (Ce,La,Di)2F«.  From 
near  Pike's  Peak,  Colorado.  The  cr}'stAls  are  mostly  altered  to  bastndsite  (also  called 
hamartite),  which  is  a  fluo- carbonate,  near  parisite. 

t^RANiNriE,  p  274.— Occurs  in  brilliant  black  octahedral  crystals  at  Branch  ville,  Conn. 
G  =  \i2r,.    Analysi-s:    UO,  4008,  UO,  54  51,  PbO  4  27,  FeO  049,   H^O   0  88  =  100-28.  ' 
Also  from  Mitchell  Co.,  N.  C. ;  mostly  altered  togummitc. 

Uranocircttk,  Weisbach.— Orthorhombic,  like  autunlte.  Cleavage  basal  perfect.  G.  = 
3-58.  Color  yellow  green.  Composition  BaUaPaOia  +  8  aq.  In  quartz  veins,  Saxon 
Voightland. 

Uranothallfte,  Schrauf  (Z.  Kryst.,  vi.,  410). — A  uranium  carbonate  from  Joachims- 
thal,  originally  mentioned  by  Vogl.  Occurs  in  confused  aggregates  of  orthorhombic  crys- 
tals.    Calculated  formula  UCaO.  +  2CaC0,  4- 10  aq. 

Uranotile,  p.  841.— Occurs  in  Mitchell    Co.,    N.    C.      Genth    writes    the    formula, 

Ca3(U0,)«Si60«i  +  18  aq. 

Vanadinite,  p.  367.— Occurs  in  highly  modified  crystals  in  the  State  of  Cordoba.  Ar^n- 
tine  Kepublic.  Also  in  very  beautiful  ruby-red  crystals  at  the  Hamburg  and  other  romes 
in  Yuma  Co.,  Arizona  (Silliman;  Blake),  and  in  yellow  to  nearly  white  crystals  at  other 
localities  in  Arizona. 

Varisctte.— The  so-called  peganite  from  Montgomerv  Co.,  Ark.,  is  shown  by  Chester  to 
be  identical  with  Breithaupt's  variscite.     Composition  AUPaO^  +  4  aq. 

Venerite,  Hunt. — An  impure  chloritic  mineral  containing  copper  ;  mined  as  copper  ore 
at  Jones'  mine,  near  Springfield,  Berks  Co ,  Penn. 

Vermiculfte,  p.  855. — Protovermieulite  (Kftnig)  and  philadelphife  (Lewis)  are  minerals 
related  to  the  other  **  vermiculites,"  the  whole  group  being  decomposition  products  of  other 
micas. 

Vesbine,  Scacchi.— Forms  thin  yellow  crusts  on  lava  of  1681,  Vesuvius  ;  supposed  to 
contain  a  new  element,  vesbiom. 
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Tkmibite.  |i   SGT.— Mudf  Iritilinic,  on  ojiticai  grouiidit,  )iy  Kr 
TKiiri!*vriTE. — A  i-orrujilii>;i  "f  lif|uix<iuUl,  »  uame  mw)- 


/>/'/"/'Vf  (D'AcliiutJilis  K  vurioty  with  IJ'i 
A|.u,Ln  Al,^. 

Thaitmaiite,  ybrdfiistiOftl. — MawJTe,  w 
Liiiiinr  K'^'i'xy-  dull.    L'oiii[iuaiti(in  deduiKd 
vi'.cy  iloiibtful  whi'ther  tlie  iiiateriiil  utaljv 


TllE.VAi 


TK,  p.  iiOO. — Ocuun  in  Urgr 


TnoNHEsiiLiTK,  p.  SOS.— AceoidiDr  .    .      „.  n    _ 

Hiiil  iwuhnnlitc  are  diftinct  miner  uanni  ib  ii  «eii  cr 

(vcrt,):A:d=  1-0877:1  :09B6e, 
J^irhiiolite  is  itionooliaic,/!!  =  80* 

Hitiiiii  (Sii  i.  Cu)P,  +  AUV,.     P  .  with  zirc-on  in  Kuriie  Co., 

Kill;  cuiciuiu  Htoill,  luid  UkodM' 

,"      .li  a  Hulphidi'  o!  Icjiil,   lini'.   inn 

TiKixBoxiTB,  p.  S43. — Oer 
rior  ;  nlao  in  polished  peV 

liki- piroeLiin  ;  wmeUmr     j„,i  num.nir.-In  tliin  hcMRonftl  i.Utcs 
1iiii.«  with  flbroiu  ndir-  .^,|S<  i,  t-  -IZnIIO,  +  SAIII.O,  +  0  nq. 
viilui-il  as  ornaments 

tSStai'.ffi'  V/f  '■■•  •  •'" '"''''•■"'■  '"•"  "'"■  """"*" 

0-M  U^      vviliaola)  i"  "  virii-ty  £rom  foyloQ. 
region,  K 

TltAV 

Ouudi 


(\_^^,i: 
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Vesuvianitb,  p.  405.— Pseudo-tetragonal,  according  to  the  view  of  Mallard  (see  p.  IBS^ 
A  variety  from  Jordan6mtlhl  contains  3  p.c.  MnO  (manganidocrase). 

Veszblytte,  p.  373. — Composition,  according  to  Schrauf,  2(Zn,Cu)sA8aO0+9(Zn,Ca)HsOi 
+  9  aq,  with  Cu  :  Zn  =  8 :  2,  and  As  :  P  =  1  :  1. 

Wad,  p.  283. — LepidophctUe  (Weisbach)  is  a  related  mineral  from  Kamsdorf,  Tharingia. 
Ck>mpo6ition  stated  to  be  CaMu«Oia  +  9  aq. 

Waonebitb,  p.  868. — Jijerulfine  has  been  shown  to  be  identical  with  wagnerite  in 
form  and  composition  ;  often  partially  altered. 

Walpuboite,  p.  879. — Triclinic  (pseudo-monoclinic),  according  to  Weisbach. 

Wattevillite,  Singer. — In  minute  acicular  snow-white  crystals.  A  hydrous  sulphate 
of  calcium,  sodium,  potassium,  etc  Formed  from  the  decomposition  of  pyrite  at  the 
Bauersberg,  near  Biscnofsheim  vor  der  KhOn. 

WuLFENiTE,  p.  384. — Occurs  in  fine  crystals  in  the  Eureka  district,  Nevada ;  also  in 
Yuma  Co.,  Arizona,  sometimes  in  simple  octahedral  crystals  (Silliman). 

Xanthophyllite,  p.  858. — Waluewite  (v.  Kokscharof)  is  a  well  crystallized  variety  from 
Achmatovsk,  Ural. 

Xenotimk,  p.  864. —Occurs  compounded  with  zircon  in  Burke  Co.,  N.  C.  (Hidden). 

YouNGFTE,  Ilannay. — Described  as  a  sulphide  of  lead,  zinc,  iron  and  manganese,  but 
doubtless  a  mixture. 

ZiNCALUMiNiTE,  Bcrtraud  and  Damour.  — In  thin  hexagonal  plates,  minute.  H.  =2*5-S. 
G.  =  2-26.  Composition  2ZnS04  +  4ZnH90a  +  8Al3H«0«  +  5  aq.  From  the  zinc  mines  of 
Laurium,  Greece. 

ZnicoN,  p.  304. — Occurs  in  fine  twin  crystals  (1-t,  like  rutile  and  cassiterite)  with  tdtanite 
and  apatite,  in  Renfrew  Co.,  Canada  (Hidden).  Also  with  astrophyllite  and  arfvedsonite  in 
El  Paso  Co.,  Colorado. 

Pseudo-tetragonal,  according  to  the  view  of  Mallard  (see  p.  186). 

BeccaHte  (Grattarola)  is  a  variety  from  Ceylon. 


APPENDIX   A. 

BYMOPSIS  OF  MILLER'S  SYSTEM  OF  OKYSTA  LLOGEAPHT. 


The  foUowin);  pages  oontuu  a  oonaise  preaentatlon  of  the  SyBtem  of  Cirstallt^iTsphj  pn>>' 
posed  by  Prof.  W.  H.  Miller  in  1839,  and  now  emplojed  bj  a  large  proportion  of  the  woikeTi 
Id  HiiierBl<^7.  The  attempt  tuu  been  made  to  present  tbe  aubjecb  brieHy,  and  yet  with  BOffi- 
eient  fulness  to  enikble  007  one  having  some  previoos  knowledgM  of  CrjBtalJograpby  not  oulj 
to  TuiderBtand  the  System,  bat  also  to  use  it  himself.  For  the  fall  development  of  tbe  subjeot, 
especially  of  its  tbeoratioal  side,  referenoe  mnst  be  made  to  the  works  of  Miller,  Orailli^ 
von  I^n^.  Schraut  and  Bauerman  (see  the  Introduction),  as  also  to  the  admirable  Lectures 
of  Prof  Maskelyne,  printed  in  the  Chemical  News  for  187S  (vol.  uxL,  3,  18,  24,63,  lUl, 
111,  121,  IM,  2U0,  383).  ■ 

Qerkral  Principles. 

T/ie  iadieet  of  Milkr  and  thtir  relation  to  tAo*»  of  Naumann.  —The  position  of  a  plane  ABO 
(f.  TBI)  is  determined  when  the  digtoncea  OA,  OB,  OO  ara  knoira,  whioh  it  onta  08  In  dM 


asaomed  axes  X,  T.  Z  from  tiieir  point  of  int«TtectioD  O.  Tbe  lengths  of  them  axes  fw  a 
single  planeof  a  crystal  being  taken  aa  units,  thus  0A  =  a,  OB  =  6. 00  —  i,  it  is  toond  that  tlM 
lengthj  of  the  oorreaponding  line*  OH,  OK,  OL  for  any  otber  plan*,  HKL,  of  tha  same  otjai 


A     OH  ~ 


*     OK  " 


I      Ol~ 


Tha  uumben  iepre>ented  by  li,  k,  Itxo  called  the  mdJoea  of  the  plane  and  (lelenniiie  tU 
podtion,  whan  the  elemenU  ot  the  cryahU — the  lengthB  and  mutual  inclmiktiona  ot  the  txtm — 
■te  known.  When  the  lines  are  taken  in  the  opposite  direction  from  O,  they  are  called  nega- 
tive ;  the  corresponding  negutivo  character  of  the  indices  ii  indicated  by  the  ininua  sign 
piaceil  over  the  indei.  thus,  A,  X;  or  h  When  the  unit,  or  fundamental  form,  is  appropnatelji 
(dioeeu,  the  anrnbeia  repreBenting  /i,  k.  I  eeldom  exceed  six. 

The  above  relation  ma;  alao  be  written  in  the  lonu : 


OK 


OL 


Here  r,  n,  m,  which  are  obvionil;  the  redpnxalt  of  the  indices  h.  k,l  reepedivalj',  arr 
eeaentially  identical  with  the  symbols  of  Nanmaon.  For  example,  if  h  =  3,  k  =  i,  I  =  Z, 
then  r  =  i,n  =  i,m  =  i,  and  the  symbol  (!i2S)  of  Miller  becomes  ia  :  i6  :  ^i^;  bat  by  Nmi- 
mann'a  usage  this  is  so  transformed  that  r  ~  1.  and  »  >  1  i,or  somttimes  »  =  1,  and  r  >  1), 
in  other  words,  by  multiplying  through  by  3,  in  this  case,  tiie  symbol  taken  the  form  a  :  |A  : 
ie,'  or,  OS  abbreviated,  J- J  (JPJ).  The  symbol  a  :  5*  :  ?"  properly  beloDga  to  the  plane  UMB 
(f.751),  which  is  parallei  to,  and  hence  cryatallographicaUy  identical  (p.  11)  with  the  pimiie 


(fJSl) 
HKL. 


plonco.  The  number  of  airoilsr  planes  corresponding  to  the  general  form  \Akl'r  depend! 
upon  thfl  degree  of  Kymojetry  of  th'e  orystalliQe  system,  and  upon  Ihe  special  valuus  of  A,  it^  J^ 
e.g..  /i  —  ^',  etc     These  cokcb  are  consiilertd  later  in  their  proper  pluce. 

(2)  One  of  the  three  indices  may  be  equal  to  zero,  iiidicatiug  then  that  the  plane  is  patallal 
to  the  axis  corresponding  U)  this  index.  Thus  the  symbol  (/ikO),  =  a  \  itb  :  cce,  oi  aa  :  i  :  aat 
(p.  11),  belongs  to  the  planes  parallel  to  the  vertical  axis  i;  aa  shown  in  f.  752.  Thej  km 
Mlled  prismatic  planes.  The  symbol  (AW),  =  a  :  cob  -.me  {p.  11)  belougs  to  the  planes  pn- 
aUel  to  the  aiu  J,  as  in  1753.  Thesymbol  (OU),  :=  coa  :  b:  »ie,  belongs  to  the  planes  poCftlUl 
to  the  axis  a,  t.  7H. 
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(8)  Two  of  the  Indices  may  be  le 
the  bMal  plane,  f.  755  ;  (010),  =  x 
three  diametral  or  pinaooid  planes. 

The  syinliol  (010)  represents  tUc  flintpinacoid  (i-i)  of  the  Monoclinio  system,  and  (following 
Groth)  the-  hrnchypinar.iitl  (i4)  of  the  Ortliorhombie.     Similarly  [AOft  "belongs  to  the  ortfao- 


The  symbol  Is  written  hers  in  this  order  to  correspond  with  the  yhkt)  at  Hillcr ; 
10,  and  lubeequently.  the  reverse  order  \e:%b  ta  waa  adopted  tor  tlie  lake  oif  ni 
"    with  Ifanmanu's  abbievikted  i^mbola. 


MII.LEB3    8Y8TBM    OF   CRYSTALLOGHAPHY.  443 

domos  of  the  Monoclimc.  and  the  macrodomet  of  the  OrthoriiombJc  S7vt«m  ;  also  (WZ) 
belongs  to  the  clinodomes  of  the  former,  and  the  brachydomes  of  the  latter.    See  also  p.  457. 

Spherieai  Prtstetion. — If  the  oantre  of  a  ciTatal,  tliat  fa,  the  point  ofii'  "---•'>-- 
three  aiea.  be  taken   bb  the  centre  of  a 

*phere,  and  nomiRla  be  drawn  from  it  to  758 

tbe  auci«ii8ive  pUnes  of  the  cryatalB,  the 
(»oiiit«,  where  they  meet  the  Hurface  of  the 
tphere,  will  be  the  poliia  of  tbe  renpec^ve 
planea.  For  exon-ple.  in  t.  7.'i6  the  com- 
mon centre  of  the  crystal  and  sphere  is  at  O, 
tbe  QOftnal  to  the  plane  b  meeta  tbe  iniface 
of  tbe  nphere  at  B,  of  b'  at  B',  of  d  and  e 
at  D  and  B  reepectively,  and  so  on.  These 
poles  evident);  determine  the  poNition  of 
the  plane  in  each  oase. 

It  is  obviona  that  the  pole  of  tbe  plane  b' 
(OiO)  opposite  b  (010),  inll  be  at  the  oppo- 
site extremit;  of  the  diameter  of  the  Hpbere, 
and  BO  in  general,  (Vid)  and  (11^0),  eto.  It  is 
seen  also  that  all  tbe  poles,  or  normal  points, 
of  planes  in  tbe  same  toM,  that  is,  planea 
whose  interBcotioD' lines  are  parallel,  are  in 
tbe  same  great  circle,  for  instanoe  tbe 
planes i  (010),  d  (110),  a  (100),  e  (110),  and 

It  is  customary*  in  tbe  use  of  the  sphere 
-<f  regTird  it  oa  projected  npon  a  horizontal 
plane,  luually  that  normal  to  the  prismatio 
lone,  so  ibat,  as  in  f .  T59,  the  prtamatic  planea  lie  In  the  circumferrnce  of  the  oirole,  and  tba 
other  planes  within  it.  The  eye  being  sapposed  to  be  idtoatcd  at  the  opposite  extremity  of 
tbe  diameter  of  tbe  sphere  normal  to  thia  plane,  the  great  circles  then  appear  either  M  area 
of  circles,  or  as  straight  lines,  i.a.,  diameters. 

It  will  be  farther  obviona  from  f.  76(1  that  tbe  arc  BD,  between  tbo  poles  of  b  and  d,  mea 
mres  an  an^le  at  the  centre  (BOD),  which  is  the  snppleinont  of  the  actual  interior  angle  And 
between  Lbe  two  planes.  This  fact,  that  tbe  arc  of  a  great  circle  intercepted  between  tha 
poles  of  two  planes  always  givca  tbe  snppleiaent  ot  tbe  sotaal  angle  between  the  jdanea  them- 
selves, is  most  important^  and  does  mucli  to  facilitate  tbe  ease  of  calculation.  In  oonaeqnenM 
of  this,  it  is  customary  with  many  crystallog-raphers  to  give  for  tbe  angle  between  two  planes, 
not  the  interfaclol  angle,  but  that  between  their  normals. 

It  is  one  of  the  great  advantages  of  this  method  of  projection  that  it  may  be  emplojed  to 
show  not  only  the  lelatiTe  poaitions  of  the  planes,  bat  also  those  of  the  opUa  azea,  uid  the 
axes  of  elasticity. 

lUiatuia  bttiBMn  Ou  indict*  of  a  ftant  and  the  anglt  made  by  it  witfi  t/ie  axet  — When  the 
nsBumed  axes  are  at  right  angles  to  each  other  they  ooindde 
nith  the  □ormals  to  the  pinaooid  planea  (001,  010,  100).  and  757 

cjnseqaently  meet  the  spherical  surface  at  their  poles.  When 
tlie  axial  angles  are  not  00°,  this  is  no  longer  true.  In  all 
i:aii»'B,  however,  the  following  relatjon  holds  good  between 
the  cosines  of  tbe  angles  mode  by  a  plane  with  the  axes : 


j  =  coePX 


^  cos  PX  =  -i-  o 


^oosPT 


op 


Thin  equation  is  fundamental,  and  many  of  the  relotiaiu  given  beyond  are  deduced  from  it. 
It  will  be  seen  that  in  the  oaae  ot  the  orthometrio  ■yalemi  tlia  angles  PX.  PT,  PZ  are  tb* 
■npplement-anglea  between  any  plane  {Aid)  and  the  pinaoolds  (001),  (010).  (100). 

litiatian*  beliMer,  jilanei  m  the  tame  tone. — By  the  oae  of  Uie  equation  (2),  it  im^  be  riMwB 


*  OKttMoaMtoiwtfaMLOf  di«vliBriailprafwriioa,Mapt  08. 


44A 


APPENDIX. 


that  if  two  planet  {Aki)  and  {pgr)  lie  in  the  same  zone,  that  the  followtqg  equation  muai  hold 
good: 

oa  008  XQ  +  y^  ooB  YQ  +  w6  ooB  ZQ  =  0. 


wheie 


u  =  At  —  ig,        V  =  (p  —  Ar,        w  =  hg  -  kp. 


The  letters  n,  t,  w  are  called  the  sTmbol  of  the  sone  or  great  circle  PR.     Every  plann 
R(ayf )  of  thia  sone  must  satiaf  j  the  equation : 


na;  +  yy  4  wt  =  0 


(3) 


If  now  (nvw)  be  the  symbol  of  one  sone,  and  (efg)  of  another  Intexaecting  it,  then  the  point 
of  intersection  will  be  the  pole  of  a  plane  lying  ia  ^th  zones,  whose  indices  (AA:Q  must  satisfy 
two  equations  similar  to  (8).     These  indices  are  equal  to : 


A  =  gv  —  f  w 


jk  =  ew  —  gu 


2  =  f  u  —  ev. 


The  application  of  this  principle  is  extremely  simple,  and  its  importance  cannot  be  over- 
eetimated.     Some  examples  are  added  here,  showing  the  method  of  use. 

Example*  of  the  methods  of  ealeulation  by  zones. — (1)  For  the  zone  of  planes  between  (100) 
and  (001),  the  zone  indices  are  u  =  0,  y  =  —  l,w  =  0.  They  are  obtained  by  multiplicatkNi 
in  the  manner  indicated  in  the  following  scheme : 


In  general 


h       k       I       h      k 

XXX 

p       q       r      p       q 


Ip.  this  case        10        0        10 

XXX 

0        0        10        0 


JOL^kr  —  lq\  T  =  4p—  Ar;  w  =  A^  —  Aj). 


u  =  0;  v  =  i;  w  =0. 


Consequently  every  plane  {JJd)  in  the  zone  named  must  answer  the  condition :  oA  -h  tic 
4>  w{  =  0,  that  is,  in  this  case  A;  =  0.    The  general  symbol  is  consequently  (AOQ.     Compare 

f  769. 

0        0        10        0 

(2)  For  the  zone  (001),  (010),  In  a  similar  manner:  \(^  \^  \f 

0        10        0        1 


n  =  I,  ▼  =  0,  w  =  0,  and  the  equation  of  condition  becomes  A  =  0,  and  the  general 
bol  is  {OiO),    Compare  1  750. 
(8)  For  the  prisznatio  zone  between  (100)  and  (010),  the  general  symbol  will  be  found  to  ba 

(AAO).     Compare  f.  750. 
(4)  For  the  pyramidal  zone  between  the  basal  plane  (001)  and 

0        0        10        0 

the  unit  prism  (110),  we  have  the  scheme :  \^   y^   ^^ 

110        11 

Hence  u=I,  v  =  l,w  =  0.  and  the  equation  of  condition  be- 
comes h=ky  and  hence  the  general  symbol  is  h/il  for  the  unit  pyra* 
mida. 

For  a  plane  lying  at  once  in  two  zones,  for  instance  the  plane 
Mtered  2-2  in  f.  758,  lying  in  the  zone  7,  2-2,  1-i,  and  in  the  sone 
^  3-5,  2-S,  1,  l-i.  The  indices,  uvw,  for  the  first  zone  l-l  (Oil), 
I  (110),  are,  obtained  as  above,  u  =  i,  v  =  1,  w  =  1.  Again,  tot 
the  zone  between  r-l  (OlU),  1-i  (lol),  the  zone  indices,  efg,  are, 

e  =  i,  f  —  0,  g  =  1.  The  indices  {hkl),  for  the  plane  (2-ii)  lying  in 
both  these  zones,  and  lience  answering  to  two  equations  of  con- 
dition, are  obtained  i)y  multiplication  in  a  scheme  exactly  like  that 
already  given,  viz. : 


il 


it 


In  general        uvw 


u 


In  this  case 


e 


XXX 

f        g        e        f 


0 


i        i        ] 

XX.X 


r 


A  =  gv  —  f w ;  A  =  ew  —  gu  ;  7  =  f u  —  ov. 
The  plane  has  consequently  the  symbol  (121). 


A  =  l;  A  =  2;  Z  =  l. 
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the  figure  {t.  766}  I'-t,  34,  a>ii,  eto.,  the  indiuM,  aa 


For  the  zone  of  plon^.  lettered  < 
already  shown,  t,M  e  =  1,  t  =  tl,  g 
and  eonsnqucnily  ths  equation  of  condi' 
tiun  reduces  to  A  =  /,  and  the  general 
svmho]  is  hkh.  Thia  tone  is  ihown  on 
the  sphoriCBl  projection,  f.  750,  and  in- 
cludes the  plunes  010  (i-X).  181  (8-d),  121 
(a-3'.  111(11,  101  (1-i),  and  so  on. 

A  vevond  examp  e  Of  the  above  method 
in  olforded  by  the  plane  lettered  9-3  in 
t.  7-,8.  It  lies  in  the  zone  t-l  (100)  to  1-1 
(Oil),  whose  indices,  nvw,  obtained  at  be- 
fore, are,  u  =  II,  v  =  I,  w  =  1.  It  is  also 
in  the  Mne  between  f  (110)  and  l-I  (101), 
whose  indices,  efg,  are,  e  =  1,  f  =  i,  e  =:  I. 
Ita  own  symbol  thkl)  is  deduced  ae  above : 

0  I        1        0       I 

,x,xx, 

1  I      i      1      1 
A=2;  i^l:  1  =  1. 

Thasymbol  is  consequently  (211).  The 
1io»ition  of  this  plane  Is  snown  on  the 

spherical  projectipn,  f.  7iill,  as  also  that  Of  the  zone  first  mentione<)  above,  whese  indloM 
were  u  =  I),  v  =  1.  w  =  1.  and  for  wliich  the  equation  (3)  consequently  reduces  U)k  =  l; 
the  general  symbol  is  then  (AAA),  the  planes  100  (i-I),  aH  (3-2),  111  (1),  Oil  (l-I),  eto,,  belong 

The  example  employed  here  serves  to  show  the  extensive  application  of  this  principle  of 
zones.  Supposing  that  in  this  crystal,  f.  758.  /(HO),  and  lH  (Oil)  have  been  assumed  as 
fundamental  planes  in  their  respective  zones,  the  symboLt  of  all  the  others  may  be  obtained 
in  tills  way.  without  the  necessity  Of  a  single  maataremant  ;  the  reflecting  goniometer  wonld 
indicate  the  presence  of  the  few  neoesaary  zodoh  not  shown  by  tlie  parallel  intersections. 

Jiet/iodi  of  CnUvintUtn.  —  In  coueqncnca  of  the  wide  application  of  this  method  of  deter- 
mininif  the  symbols  of  a  plane  b;  the  zones  in  which  it  lies,  actual  trif^ononietrioal  calonla 
CiouB  are  not  very  frequently  required.  The  metbodn  employeil  are  :kIn'ByB  tho^e  of  npKerit/li 
trigoDometry,  and  in  most  cases  no  tormnlaa  ore  needed,  the  problems  arising  leqniring 
nothing  but  the  solution  of  the  triangles,  mostly  right-angled,  seen  on  the  spherical  projection. 
It  is  to  be  remembered  that  an  arc  of  a  great  circle,  between  two  poles,  shown  in  the  projee- 
tloo.  is  always  the  supplement  of  the  actual  inteifacial  ai^le  between  the  planes  themadvea. 

Some  of  the  more  commonly  used  formulas  for  the  solution  of  spherical  triangleB  wUct 
have  beeu  already  given  on  p.  03,  are,  for  the  sake  of  convenience,  repeated  here. 
In  right-angled  spbeiioal  triangles  C  =  Wi".  h  =  the  hypothenuse. 

„,     .       sina  „      sin  6 

Sin  A  =  V— r  «m  B  =   t—t 


Ift  •bUqM-aagled  spherical  triangles  i 

(1)  Sin  A  :  sin  B  =  sin  (I :  si 

(2)  Ooa asccaAcoae-i-  Bin 

(3)  Cat«iins  =  caaecoiA 
<4)  OoeAs-ooaBeoiiO' 


(.insoMA) 
+  sin  Aoot  B; 
simBslnOeN*. 
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In  oaloolation  it  is  often  more  con?enient  to  nse,  instead  of  the  latter  formnlsa,  tii4 
especially  arrange  for  logarithms,  which  will  be  found  in  any  of  the  many  books  doTOiad 
to  mathematical  formulas. 

In  addition  to  the  mere  solution  of  triangles  on  the  spherical  projection,  it  is  also  neoessaiy 
to  connect  by  equations  the  actually  measured  angles  with  the  lengths  and  inclinations  of 
axes  of  the  crystals  themselves.  These  equations  are  given  in  connection  with  the  different 
systems. 

The  following  relation  between  the  planes  in  the  same  zone  is  also  of  very  wide  appli- 
cation : 
Let  P,  Q,  S,  R  be  the  poles  of  four  planes  in  a  zone  (f.  7G0),  having  the  following  indioea^ 
viz.  :  P  =  (/*A;0,  Q  =  (PQT),  B  =  {utic\  S  =  (xj/z).    The  folowing  relation  mi^ 
760  be  deduced  between  them,  on  the  supposition  that  PQ  <  PR. 


cot  PS  -  cot  PR  __   (P.Q)       (S.R) 
ootPQ  -  cot  PR       (Q.R)  •    (P.H)  * 

Here,  (PQ^  _  f^r-lg  _  Ip^hr  ^  hq  -  kp 

(Q.R)       qxo  —  rD      ru—jno     pv  —  qu* 

(S.R)  __  try  —  fP  _  SM  —  arte  __sn  —  irtf 
(P.S)  ""to-^y'^te-A*""  Ay-  kx 


(4) 


(5) 


By  means  of  the  above  equation  it  is  possible  to  deduce  the  indices  or  angle  of  a  fourth 
plane,  when  those  of  the  three  others  are  given.  In  the  application  of  this  principle  it  la 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above ;  to  accomplisb 
this  it  is  often  necessary  to  use  the  indices  and  corresponding  angles,  not  of  (hkt ),  but  ita 
opposite  plane  (7^X7),  etc. 

In  the  orthometric  systems  this  relation  admits  of  being  much  simplified. 

If  one  of  the  above  four  planes  coincides  with  a  pinacoid  plane  (100),  (010),  or  (001),  and 
•aother  with  a  plane  in  a  zone  with  a  second  pinacoid  90"*  from  the  first,  then  the  fodlowing 
nlations  hold  good  for  two  planes  P(MOi  ^^^  Q{P9^)  ^  this  zone : 


h 

ton  PA 

k      I 

1 

P 

ton  QA 

""?""r' 

P 

tanPB      1 
tan  QB  "  r' 

h 

k 

I 

tan  PC 

P 

y 

r 

'  tanQO' 

As  a  further  simplification  of  the  above  equation  for  the  case  of  a  prismatic  plane  {\kO  .  ot 
a  dome  (A0{)  x)r  {Okl)^  between  two  pinacoid  planes  00°  from  another,  we  have  : 

A  __  tan  (100)  (110)^  A_tan(001)(A0O,  A;  _  tan  (001)  {Okl) 

k^  tan  (100)  {hkOy  i  "~  tan  (001)  (101)  *  /       tan  (001)  (Oil)' 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatiG 
plane  or  dome.  It  will  be  seen  at  once  that  all  the  above  relations  for  rectangular  zones  are 
essentially  identical  with  those  given  on  p.  50,  though  here  expressed  in  a  clearer  and  mora 
conoise  form. 

8YBTfi!fB  OF  CnY8TALT.t2AttOK» 

All  crystals  are  divided  into  six  classes,  according  to  the  degree  of  symmetiy  which  cbarao* 
terizes  them.  This  symmetry,  as  well  as  the  relations  of  the  different  planes  of  a  oystal,  U 
shown  in  the  lengths  and  position  of  the  aites  which  are  taken  for  each.  With  reference  ta 
their  axial  relations  crystals  are  divided  into  the  following  six  systems : 

I.  Twmelric  System. — Three  equal  axes  {o,  a,  a)  at  right  angles  to  one  another. 

IL   TetragicnuU  System.— ^wo  equal  lateral  axes  (a,  n),  and  a  third  vertioal  axis  (<!)  of  on 
•qnal  leagth;  all  at  right  aagles» 
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m  HexagcncA  Syatem. — ^Three  equal  lateral  axea  (a,  a,  a)  eroeaing  at  angles  of  60%  nod  a 
fourth  vertical  axis  {c)  of  unequal  length,  perpendicular  to  the  plane  of  the  otheia. 

IV.  Orthorhombie  ayatem. — Three  unequal  axes  (c,  b^  d)  at  right  angles  to  each  other. 

V.  Monodinic  System — Three  unequal  axes  (<f,  b^  d^ ;  the  angle  between  c  and  b^  and 
between  b  and  d  =  00'',  but  tbo  angle  between  c  and  d  greater  and  lees  than  00**. 

VI.  TncUnic  System. — Three  unequal  axes  (c,  6,  a) ;  the  axial  angles  fill  obliqn* 

I.    ISO>fETRIC  STSTKM. 

The  symbol  \hJd\  embracer  all  the  forms  possible  under  each  system  in  the  most  general 
case.  Since  in  the  Isometric  System  aU  the  axes  are  of  equal  value,  it  obviously  follows 
from  the  symmetry  of  the  system  that  each  one  of  the  indices  may  be  exchanged  for  each  oi 
the  others,  so  that  the  total  number  of  planes  possible  will  be  given  by  all  the  arrang«>mentt 
of  the  indices  ±h^  ±ky  ±/,  or  as  follows: 


hJd 

hlk 

Wd 

klh 

Ihk 

Ikk 

hkl 

iJk 

khl 

klh 

l/ik 

Ik/i 

JM 

m 

km 

klh 

Ihk 

Ikh 

hkl 

hlk 

khl 

hlh 

Ihk 

Ikh 

m 

m 

khl 

klh 

Ihk 

Ikh 

m 

m 

hhl 

m 

Vik 

Ikh 

fM 

hlk 

khl 

klh 

Jhh 

Ikh 

hU 

hlk 

ua 

k!7i 

Ihk 

Ikh 

A.  Holahedral  Farmi. 

There  are  seven  oases  possible  among  the  holohedral  forms  of  this  system,  according  to  thi 
valuej  of  A,  k^  L  These  are  shown  in  the  list  below,  to  which  are  added  the  symbols,  aftei 
Naumann,  given  on  p.  14,  though,  as  already  explained,  written  in  the  inverae  order.  In  the 
most  general  cose  [hkl\  *  the  form  includes  forty  eight  similar  planes,  and  in  the  moat 
specicil  case  )100J,  there  are  included  nix  similar  planes. 


1. 
2. 
8. 
4. 
5. 
6. 
7. 


[hkl]^ 
[hkk]\ 
[AAAJ; 

[111]; 

[llOJ  ; 

[lOOj : 


MiLLBa 

Naumank. 

h>k>l 

a:  na  :  iim 

[m-n]. 

h^k. 

a  :  ma  :  mtt 

[m-m]. 

h>k. 

a  :  a  :  ma 

[m]. 

h  =  k  =  l  =  l. 

a  :  a  :  a 

[I]. 

1  =  0. 

a  :  na  :  CO  a 

[in]. 

A=r*=l;  «  = 

:0. 

a  :  a  :  30  a 

[il 

h::zl,k  =  l== 

0. 

a  :  3Da  :  cca 

[HI 

The  seven  distinct  forms  corresponding  to  these  symbols  are  as  follows,  token  in  the  sailM 
order  as  on  }  p  14-20,  where  the  forms  are  described : 

Cube  (f.  761).— Symbol  [100],  including  the  six  planes  (100),  (010),  (100),  (OTO),  (001). 
(001).     See  also  the  spherical  projection  (f.  766). 

761  762  703  .  704  763 


— + 


.J 


r 


k' .•■>>*^.««a.,.    ^ 


[100  llll]  [110]  [100]  [HI]  [100]  [110]  [111] 

Octahedron  (f .  762). — Symbol  [111],  inoluding  the  eight  planes  taken  in  order  shown  ffl 
f.  762,  (111),  (ill),  (ill),  (lil),  (111),  (ill),  (Ul),  (lil). 

*In  general  the  indices  of  any  individoal  plane  are  written  (hkt)^  whereas  the  general 
symbol  \hkl\  indicates  otf  the  planes  belonging  to  the  form,  vaiyinff  in  number  in  the  ditfereni 
Bystema;  chns,  in  this  system,  [1001  is  the  ireneral  n^mM  fir  ue  six  shcilar  planes  oi  tkt 
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VodMoJudron  (f.  763) .--Symbol  [110],  indading  the  twel?6  planes,  (110),   (TlO),  (llm 

riio),  (101),  (Oil),  (ioi),  (Oil),  (101).  (Oil),  (loi),  (oii). 

The  relatiooos  between  these  three  (orms  are  given  in  full  on  pp.  16,  16,  and  need  not  bt 
repeated.  It  is  to  be  notioed  that  the  distance  ^tween  two  oontignona  poles  of  [100]  and 
:i  10]  is  45"*  (see  1  706) ;  between^thoee  of  [100]  and  [111]  it  is  54*^  44'  and  between  (110)  mt^ 
(111)  it  is  do"*  16'.  Moxeoyer,  the  angle  between  (111)  and  (111)  is  70^^  32%  and  between  aill 
and  (ill),  lOO**  28'. 

766 


In 


foi 


V^w 


itei 


[211] 


/"            oil 

oil 

fffll 

M 

N 

t}2 

^ 
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ni 


"W 


h« 


[3111 


Tetragonal  triaocUthedron  (f.  767,  768).— Symbol  [hkk],  with  h>k,  comprising  twentj-foftt 
similar  planes. 

Trigonal  triaoctahedron  (f.  769). — Symbol  [AAA:],  with  A  >  *,  also  em  bracing  twenty -f one  hka 
planes. 


769 


771 


772 


[221] 


[210] 


[810] 


jTt^raAttiyiAerfron  (f.  770. 771 ). — Symbol  [AAiOj  Including  twenty-f our  like  planes.  As  seen  on 
the  spherical  projection  (f.  706),  the  planes  of  the  form  [hkO\  lie  in  a  cone  with  the  dode<;a- 
hednil  planes,  between  two  pinacoid  planes. 

Hexoctahedron  (f.  772),  [AAij.— This  is  the  most  general  form  in  the  system,  including  the 
forty-eight  planes  enumerated  on  p.  447,  Their  position  (A  i=  3,  A;  =  2,  ^  =  1)  is  shown  oo 
the  spherical  projection  (f.  700). 

B.  nemihedral  Form». 

There  are  two  kinds  of  hemihedral  forms  observed,  as  shown  on  p.  20:  (1)  theA^miAo^ 
hiodral^  where  half  the  quadrants  have  the  whole  number  of  planes ;  and  (2)  the  hoiohefmOudrak 
where  all  the  quadrants  have  half  the  full  number  of  planes.  The  first  kind  produces  tiM&nsd 
hsmihodrons,  indicated  by  the  symbol  njild]^  and  the  second  kind  produces  pnrnUd  hemihe* 
dfons,  indieated  bj^  the  ^mbol  '[hld[.    The  resulting  forms  in  the  several  eases  are  as  follows 


tOLI^a'B  8TBTG1I  Ot   OKTSTAIXOUSAPBT.' 


indodea  tho  plane.  (Ill),  (lU),  (111),  (HI). 


Eemi-iritoetaliedroa*. — The  iTiiiboI  K[hltk'\  denote*  the  solid  ehown  in  f.  779,  and  ir[MA] 
the  «oUd  HhowQ  la  t.  770.  The]'  ue  the  hemihedral  (ornu  of  the  tetragonal  and  trigonaj 
triaoctahedrons  [eepectively. 

Umni-haxtlalitdron. — The  same  kind  ot  hemihedriam  applied  to  the  hexoctahedron  pro- 
duces the  form  Rhowa  in  t.  777,  havinfr  the  general  ^mbol  "{JU^. 

Inuliued  hemihediism  aa  applied  to  the  three  other  solids  nt  this  Ffetem  prodnoea  foimi 
iu  DO  waj  different,  in  oatwaid  appearance,  from  the  holohedral  forma. 

Paiiallbt.  Heuihedribv  pioduccB  distinct,  independent,  forma  only  in  the  case  of  the 
tetrahexahedion  wid  the  hexoctahedron.  The  sfmbol  of  the  former  is  "^[AiO],  and  of  tb* 
latter,  ;r[W| ;  thej  an  shown  in  f.  778-7S3. 


IT  [120]  irtSlO]  [100] 

a  pOMible  in  this  sjatem,  bat  they  a 


MatAmmtieal  Rdationt  of  Oit  Itomttrie  Bs*tem. 

(1)  The  distanoe  of  the  pole  of  any  plane  PIJUU)  from  the  onbio  (or  pinsooid)  planes  UglToa 
liv  ihu  fallowing  eqaatiooa.  These  are  derived  from  eqnation  (2),  p.  443.  Here  PX(=rA) 
i«  the  dietanoa  between  ilUd)  and  (100)  i  FY(=PB)  is  the  dlstanoe  between  {Md)  and  (010) ; 
lid  PZ{=PC)  that  between  (AW)  and  (001). 

The  toUowing  equations  admit  of  muoh  dmplifioation  in  special  cases,  for  (AM),  (AAjfc),  etc. 


i'PA^ 


A< 


cos'  PB  =  .-; 


i'PC  = 


k'+»  +  ^' 


'  ^(ft'  +  i»  +  P)(p'  +  yt  +  ^,- 


«■ 
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lor  tbe  hemihediil  foim  (f .  775),  oos  B  = 


A«  +  a*«' 


{b)  Trigonal  trisoctahedrtm.-'The  angles  A  and  0  are,  as  before,  the  sopplentaai  of 
iuterfaoial  angles  of  the  edges  lettered  as  in  1  769. 

For  the  hemihedral f orm  (f.  776),  oos  B  =  ^ — v,. 

TUrahexahedran  (f.  770), 

A*  Mt 

h*  —  k*  kk 

For  the  hemihedral  form  (1  778),  oos  A'  =  ^ — rr  .  oos  0'  = 


A!M0toA«ire»i  (f.  772). 

.         A«-f2«  -,      A«^.ifci-p  a«!  +  P 

A'  — 2iU 
For  the  hemihedral  form  «[AAq  (f .  777),  oos  B'  =  — ^ . 

Foi  ^im.  ooB  A  =  jj— ^,-j-^;  cos  0  =^,_^^^j,. 

For  planes  lying  in  the  same  zone  the  methods  of  calculation  given  on  p.  444  and  pi  446 
aie  made  use  of.  In  manj  oases,  however,  the  simplest  method  of  solution  of  a  given  pirob* 
Um  is  by  means  of  the  spherioal  triangles  on  the  projection  (f.  766). 

II.  Tetragonal  Stbtbm. 

In  the  Tetragonal  System,  since  the  vertical  axis  c  has  a  different  length  from  the  two 
equal  lateral  axes,  the  index /,  referring  to  it,  is  never  exchangeable  for  the  other  indices,  Aandi:. 
Tlie  general  form  [AA^Q  consequently  embraces  all  the  planes  which  have  as  their  symbols 
the  different  arrangements  of  ±A,   ±ky  ±^  in  which  I  always  holds  the  last  place.     W« 


thus  obtain : 


hkl  m  7J^l  hkl  khl  m  Khl  khl 

J^mmhklkhlihJMM 


A  ffolohedrai  Farms. 

Aooording  to  the  values  of  A,  A;,  and  I  in  this  general  form  (A  =  0,  A  =  A,  eta),  diflawnt 
cases  may  arise.     By  this  means  we  obtain  a  Ust  of  all  the  possible  distinct  holohedral 
lo  tliis  system.     They  are  analogous  to  those  of  the  Isometric  System. 


MTT.I.ICR- 

Naumani^ 

r. 

1.  [AAH;  *>*. 

a:naimc 

[m-n]. 

2.  [AAfl  ;  A  =  A. 

axaime 

[m]. 

3.  {h(A\ ;  A  or  A  =  0. 

a  :  ooa  :  mc 

[m4\. 

4.  [AA^l;  A>A,/  =  0. 

aifM:  COG 

[^»J. 

6.  [1101;  A=:A  =  1,  <  =  a 

ai  a :  coe 

/). 

6.  [100];  A  =  0,  i  =  a 

a  :  ooa  :  coe 

(«]. 

7.  [001];  A  =  A  =  a 

7oa  :  ooa  :  e 

'Ol. 

KILLXB'B   BTnEU   or  bmSTALt.OORAI'BT. 


451 

„   o  thOM  genenl  iTmbcili  (compare  f.  790}  sM  >■  foUom; 

Audf  jAinM.— Symbol  [001].  Inolnding  the  iilanea  (001)  and  (OOl)- 

PritTru.—(a)  Diameirai  priim,  or  that  of  the  ttamd  triet  (L  783).  BTmbol  [lOCQ,  Itt 
Siudinir  the  font  planea  (tOO),  (010),  (100),  (OlO). 

(ft)  Unit  prinm,  or  piiBra  '.f  iha  fir»t  irria  (f,  784).— Symbol  lllOJ,  embndiiK  the  foni 
plane*  (110).  (HO),  (HO),  (110).     The  relation  of  these  two  pHema  is  eboirn  OD  p.  20. 

(e)  OetagoTud  ptusra  {t.  78S). -Symbol  [AJ«].  moladinr  the  eisht  plaiiea  (UO),  {.khS)),  (UO), 
(hkO).  (W0|,  (fAO).  iMO),  (AI-O). 

Oelahedront  oi  PJ/raimdM.  —There  are  two  aeriea  of  ootobednl  planea,  ooneapoadiiiK  to  itie 
two  Bqoare  prism*,  (a)  Ootahedroiu  of  the  Moond,  ot  diamttral  aeriea.  Symbol  [aOII,  in- 
clnding  eight  similar  planes.     The  form  [101]  is  sboim  In  t.  786, 

(ft)  Octahedrons  of  the/Irt(,  or  unit  series. — Symbol  [UI]<  embracing  eight  similar  planesL 
The  form  [111]  is  shown  in  L  787. 


-^ 

^ 

7 

V 

-^ 

>?• 

/  \ 

\-/, 

Y^ 

\ 

«\. 

/,  "- 

-^ 

T-  m 

/ 

.  ^ 

.--- 

i 

/ 

\ 

'  i 

\ 

L 

V 

\ 

-/ 

-^ 

^Si 

The  relatiaoi  of  the  nrioni  trtragonal  forma  wiU  be  nndentood  by  refarenoe  to  t  TM, 
showing  the  ptoieatiiHi  for  the  crystal  reptesenteil  In  f.  TBI). 

B.  BmAtdnA  Form*. 

Among  the  hemDiedial  forms  there  ate  to  be  distinguished  throe  nlsMM, 
us  ghown  on  p.  28  «t  *w.  t.  B^mAAcA  hemlfaednma,  oorresponding  to  tlie 
rne^'ji«lhemihedronsot  the  isometric  system.  They  are  indloated  by  the 
(Lvrabol  -{hkL\.     The  sphenoid  tIIIII  i«iho»Tiinf.  791. 

2.  Pjimmidal  hemihedrona,  that  is,  those  which  are  hemlhololMdial,  and 
vurtLcaily  direct.      These  are  imlioated  by  the  symbol  i[AU]. 

:l.  TraparMnl  he:iiiltednms,  hemiholobedral  lilee  those  jnsl  mentlonod, 
hot  vertically  altemate.     ThBy  b«Te  the  symbol  c'[Uil. 
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MdiketnaUcal  Bdatkmi  of  the  Tetragonal  8$9Um, 


(1)  The  difltanoes  of  the  pole  of  any  plane  VifikX)  from  the  pinaoold  planes  100  (=  PA),  (Ml 
s=  PB),  001  (=  PG)  are  given  by  the  following  equations: 

h*c*  k'e*  Pa* 

cos'  PA  =  T=j — i^-i — =--  ;  008*  PB  =  =^-^ — .-5-= — =— . ;  oos*  PC  =  ,  >^  -  ^^  .  >  ^ 
A V + A*c*  +  Pa'  *  AV  -^  A; V  +  fa* '  A V + AV + Pa^ 

These  may  also  be  expressed  in  the  form : 

.\«A       AV  +  ^«*  ,„„      AV  +  ;»a»    ^     ,„^      AV  +  **<J» 

ta^  P-^  =  — n:3—  ;  fcan   PB  =  — =^-r—  ;  tan«  PC  =  — js-T-- 

(9>  For  the  distance  between  the  poles  of  any  two  planes  (/^A0»  (p^)«  we  have  in  geiMiil: 

008  PQ=      hpe*  +  kqe*  +  lra* 

y/  [(A*  +  AV + ^«*J  [(P*  +  ^)tf*  +  r*o«]  • 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring. 

(8)  Planes  in  tlie  same  zone, — For  the  general  case  of  planes  (AAO  and  (pqr)  the  re 
lation  given  in  equation  4  (p.  440)  is  made  use  of.  In  the  special  oases,  practicslly  of  the 
most  importance,  where  the  planes  lie  in  a  zone  with  a  pinacoid  plane,  the  simplified  fonnolif 
are  employed. 

For  the  octagonal  prism  this  relation  becomes : 

k 
tan  (100)  (AAO)  =  cot  (010)  (AAO)  =  -j. 

Determination  of  the  axis  6. — This  follows  from  equation  (1),  p.  446,  whioh^  for  thv  onv 
becomes: 

1  c 

J  cos  PA  =  -T  cos  PC,  (a  =  1), 

For  an  octahedron  (AO^)  in  the  diametral  series,  we  have : 

tan  (AW)  (001)  =  y. 

For  the  unit  octahedron  (111),  we  have : 

taa(lll)(001).cos45'  =  a. 

IIL  Hexagonal  System. 

The  Hexagonal  System  and  its  hemihedral,  or  rhombohedral,  division  are  both  included  \ij 
lliUer  in  his  Rhombohedral  System  (see  p.  462).  All  hexagonal  and  rhombohedral  fonni 
are  referred  by  bim  to  three  equal  axes,  oblique  to  one  another,  and  normal  to  the  faces  of 
the  unit  rhombohedron.  This  method  has  the  great  disadvantage  of  failing  to  exhibit  the 
hexagoual  symmetry  existing  in  the  holohcdral  forms,  since  in  this  way  the  similar  planes  of » 
hexagonal  pyramid  receive  two  different  sete  of  symbols,  having  no  apparent  connection  with 
each  other.  It,  moreover,  hides  the  relation  between  this  system  and  the  tetrogc.nal  sjst«n. 
which,  optically,  are  identical,  since  they  possess  alike  one  axis  of  optical  svminetry. 

The  latter  difficulty  was  avoided  by  Schrauf,  who  introduced  the  Oktiioiikxagu.nai.  SY^ 
TEM.     In  this  the  optical  axis  was  made  the  crystallographical  veilical  axis,  and  othervi!^ 

two  lateral  axes,  at  right  angles  to  each  other,  were  assumed,  a  and  a  \  'S.     This  method,  ho*' 
ever,  does  not  overcome  the  other  objection  named  above. 

In  the  method  of  Weiss  and  Naumaan  a  vertical  axis,  coinciding  with  the  optical  axis,  ^^ 
adopted,  and  three  lateral  axes  in  a  plane  at  rij^ht  angles  to  it,  they  inten»ecting  at  anglei*  * . 
GO",  corresponding  to  the  planes  of  symmetry  in  the  holohedral  forms  (see  p.  462).     In  t^^ 
way  '^nly  can  the  symmetry  of  the  hexagonal  forms  be  clearly  brought  out,  and  at  the  8a<^ 
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lime  the  Tebtion  between  tbe  hexagonal  and  tetragonal  sy RtemB  exhibited.     Becentl;  SioUi 

(I'sch.  Min.  Hitth..  1874,  32:3,  and  Fh;s.  Kijtt,.  1878,  p.  262)  haa  ehovrn  that  the  complete 
Bymboln  of  Weias  and  NanmanD  oould  be  tranalated  into  a  reoiprocol,  integral  form  nftex 
tbe  inanni>r  ot  Hiller,  The  syinbolB  then  obtained,  aa  wm  also  ^own,  admit  of  a  like  oon- 
venient  use  in  colcalatioD.  Esscntiallj  tbe  same  method  was  proposed  in  1806  b;  Bnvaia, 
and  his  suggestion  is  folloved  here ;  the  more  important  eqnationa,  expreesmg  the  lelationi 
bettreen  the  poles  of  the  planes,  their  indices,  and  the  ues  of  the  crjital  are  alao  added. 
The;  are  giien  somewhat  in  detail,  since  the;  are  not  included  in  an;  of  the  works  ou  Uillori 
Syst;m  before  referred  to. 

&.V.  hexagonal  fomiB  are  referred  to  a,  vortical  axis,  r,  and  three  equal  lateral  axes  in  .i 
plitnn  at  right  angles  to  it.  intersectiag  at  angles  of  00" 
and  120°  (f.  782).     Thegeneral  symbol  for  a  plane  in  this  7B2 

Rjstein  is  {hklij,  where  it  ia  always  trae  that  the  alge- 
braic ram  of  A,  A,  ( i»  rera.  that  is.  A  +  A  +  i  =  0.  Tbe 
indices  here  are  tbe  reciprocals  of  those  of  Naumonn, 
except  that  the  index  I  baa  the  opposite  sign,  and  the 
order  of  two  of  the  indices  is  inverted.  According  to 
him  the  general  symbol  of  an;  plane  is  m-n   (  =  mPn), 


.,,.:.  f.u,-^a 


Thn*  the  plane  3-}  (3P}) 


has  the  foil  symbol,  3a  :  a  :  }a  :  Sr,  or  to  oorreiipond 
uith  the  other  (^mbola  it  most  be  written,  3a  :  fa  :  a  ;  3e. 
The  reciprocals  of  the  latter  indices  are  |  ;  J  :  1  :  i,  or, 
reduced  to  integers  (and  changing  the  sign  of  1)  (13^1), 
which  is  the  symbol  aocording  to  the  plan  bare  (ol- 
Inwed.  SimUarl;  the  plane  <,2243)g{v^  on  taking  tbe 
rf  cipiocals,  ^  :  ia  :  ia  :  ^e,  which  ia  equivalent  to  ^ :  3a 
:  n  :  ic  or  in  Nanmann's  ahhreviated  form  j-g  (  =  JP2]. 

It  is  the  great  advantage  of  this  method  that  it  makes  it  possib'e  to  change  tbe  almost  anl- 
versally   adopted   symbols  of   tTeui  and 
Jfiinminii  into  a  form  which  allow  of  all  ',0i 

the  readiness  of  calculation  and  the  appli-  • 

nation   to  tbe  spherical  projection  which 
are  the  characteristics  of  Hiller's  System. 

In  cniculatioQs.  both  by  lOne  eqnationa 
and  other  methods,  only  two  of  the  indices 
h,  k,  or  (  of  tbe  foim  (hJdi)  need  bo 
employed,  with  the  remaining  index  i  (»■ 
fcriing  to  the  vertical  axis).  This  ia  oh- 
viouBlytme,  since  the  three  indices  named 
are  connected  by  the  eqaatJon  A  +  A  4- 1 
=  0.  Disregarding,  then,  in  calculation 
the  third  index  t,  as  ahown  beyond,  tlie 
planes  ate  referred  to  two  aqoal  lateral 
tiies.  interneoting  at  on  angle  of  120', 
and  a  thiid  verti^  axla  c. 

Tha  symbol  [likU]  in  ita  more  gen-. 
eral  form  embraces  twenty-fonr  planes, 
as  IS  erident  frum  an  inspection  of  the 
aphericol  projection,  t.  7S3.  Here  A,  k,  I 
are  of  equal  value  and  mntoally  exchange- 
able, with  the  condition,  however,  that 
their  algebraic  sum  shall  alwajv  equal 
lero.     Of  the  twenty-four  planes  of  the 

dibexagonal  pyramid,  the  following  are  those  of  tbe  npper  qnadronta  mentioned  In  odei 
from  left  to  right  aronnd  the  circle  (f.  793).  Those  below  have  tbe  same  symbol*,  emept  Uial 
the  index  i  in  each  case  is  minoa : 


^^ 

^^ 

*■ 

^ 

""  \« 

/\\ 

V 

'^^^  I 

\«L^^ 

i — ^  / 

"  v"*'! 

/) 

i>»/  " 

C^iS.1 

wN 

i/ 

Bbatais-Hiua*. 


-j:na:a:me  [»«] 


Olll]  1 

k  =  h.:t  =  ah 
h  =  k  =  l.:t  =  2,{  =  i 
k  =  0.:l  =  h 
A=l.*  =  0.-.(  =  1 

2a:2a:a:e 
•xia  :  a  :  a  :  me 
a>a:a:a:t 

f 

ni3o  ! 

Olio 
0001   i 

4  =  0 

i  =  0,i  =  k  =  l.:l=a 

i  =  0.k=0,h  =  l.:l=l 

3a:  8a    a:a>e 
na-.a-.a:  goe 
a:ia:a>ai<oa:t 

la' 

A.  Solohtdral  .Tbrnu. 


rba  Awnu  to  whioh  tlieM  ^finbols  belong  h&Te  been  akeady  mentioned  m  pp.  tt4C 
nwj  mv  be  brieflj  reMpitnlated  here.  Thej  ua  Uken  in  the  cevene  order  bom  that  givaB 
In  tfaa  table. 

Aim2  TiInRM.— &7mbol  (0001)  and  (0001). 

PHtnu.  ■,'>!  The  unit  priaa  (/).  Oeaeml  armbol  [0110],  inolading  (b^  f.  793,  7H]  the 
•Ix  planea  with  the  foUowlng  Bimboli :    (OllO),  (1100),  (1010),  (OllO),  (lIOO),  (I0!0). 

(b)  The  diagoruil  piism  (t-2).  OeiierBJ  iynibol  [llJSO],  mcladinK  (f.  793,  TS5)  the  follow 
Enedzplanea :  (1130).  (1210],  ^3110),  (1120),  (iSlO).  (2110). 

\e)  The  diAf^aganal  priam  (■•»).  QeneTsl  eymbol  [filliO],  embradng  the  following  twain 
plaoea  mentioned  in  oidei : 

(fl*ffl),  (/itfO),  (MO),  (MO),  (IhkO),  (U-iO),  {/iflOj,  (A?«l),  [iWO),  (ilAO),  (ttiO),  (*A»V 

Sexagoital pifrnmidi.  or  Quartioidt. — {a)  Tbo  pjraraiAs  ot  the  Jirtl  or  unit  ttritt.  0«aiexal 
^mbcd  [Oliht]  embrncing  twelv«  nmilai  plunea.  All  the  p^ramidB  of  thu  leriee  lie  in  ■ 
■one  betweon  the  unit  piiom  JOtlO]  and  the  base  [0001].  A  special  case  of  this  is  whaa 
\  =  k  =  i  =  l.    The  p1«SP«  of  this  form  {t.  708)  are  shown  on  the  projection,  t.  7S3. 


[01  Iff) 


<^ 


{b)  l^Tsmlds  iif  the  *Mond,  at  dingoncd  leritt.  Oeneral  sTmbol  [AA2ASi],  inolnding  twalr^ 
planes,  analoKons  to  those  of  the  pjiamid  nnit  aeries.  All  the  pjiamids  of  this  series  llo  In 
a  Kne  between  the  diagonal  prism,  wboee  general  sjmb<d  is  [I'^'^li  ^o^  ^^  basal  [dan« 
p-OOl]. 

TvMiM-iidad  pyramid*,  or  BerylMdi  (t  T97).— General  a;mbol  \hklC\,  inelading  tbe  twentr- 
hm  planei  annraeiated  on  p.  458. 


■a  In  Uw  qrubols  below  ta  nude  to  ac»Tsq>oad  to  that«f  tka  fatdloM 
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B.  Hemihedral  Forms. 

The  most  important  of  the  hemihedral  forms  in  this  system  are  as  foil  Iws : 

1.  Ptramidal  hemihedrism. — This  comes  under  the  head  of  holohemihedral  forms,  which 
ftre  vertically  direct  (see  pp.  34,  35).  It  is  indicated  like 
the  corresponding  hemihedrism  in  the  tetragonal  system  708 
ir[Iikli].     It  iR  common  on  apatite. 

2.  BaoMBOiiEDiiAL  hemihedrism. — These  indaded 
here  are  hcmiholohedral,  and  vertically  alternate.  They 
are  indicated  in  general  by  K[hkli].  This  class  is  import- 
ant, since  it  embraces  the  Bhombohedral  Division. 

(a)  BlumibohedroM.  Symbol  K[OIthi] ;  the  nnit,  or 
fundamental  rhombohedron  (+Byt.  798)  has  the  symbol 
ff[pill],  including  the  six  planes:  (Olll),  (lOll), 
aiOl),  (1011),  (1101),  (0111).  The  negative  rhombohe- 
dron {-E,t  790)  includes  the  planes:  (1101),  (0111), 

(loii),  (Oiii),  (loii),  (liol). 

(b)  Scalmohedrons  (f.  800).     Symbol  K\?ikH]. 

3.  QVROIDAL,  or  trapezohednU  hemihedrism. — The 
forms  here  included  are  holohemihedral,  and  vertically 
alternate.    They  are  indicated  by  k*  [hJcK]  ,  see  p.  30. 

4.  Tbtratohbdribm. — This  may  be  (1)  rfiombohedrcUj 
indicated  by  Kir[hkii]  ;  or  (2)  trapegohedrai  (gyroidal),  as  common  on  quartz,  having  the  gen 
eral  qrmbol  kk'  [hkH], 


Mathematical  Rdatians  of  the  Hexagonal  Syttem, 

In  the  Hexagonal  System,  as  has  been  explained,  the  symbol  in  general  has  the  form 
[hkli],  where  the  algebraic  sum  of  /i,  A,  and  I  is  zero.  This  general  symbol  has  four  in- 
dices, referring  respectively  to  the  three  equal  lateral  axes  and  the  verLioal  axis,  as  shown 
in  f.  792,  thus  showing  the  fundamental  hexagonal  ^mmetiy  of  the  forms.  Since,  however, 
the  position  of  a  plane  is  known  by  its  intersection  with  three  axes  alone,  two  of  the  three 
indices  A,  A;,  I  are  all  that  are  needed  in  calculation,  the  third,  J,  being  a  function,  as  given 
above,  of  h  and  k.  The  mathematical  relations  of  the  planes  in  this  ^jrstem  are  brought  out  by 
referring  them  to  three  axes,  viz.,  two  equal  lateral  axes  H^  K^  (=  a  =  1)  oblique  (120^  and 
GO)  to  one  another,  and  a  third  axis  (c)  of  unequal  length  perpendicular  to  their  plane. 

TMs  applies  also  to  the  calculation  by  zonal  equations.  The  indioes  (u,  v,  w)  of  the  lone 
in  which  the  planes  (W>),  (pqrt)  lie,  are  g^veu  by  the  soheme : 

h       k       %       h       k 

-  XXX 

p        q        t       p        q 

u^kt-^qi     v  =  »p  —  Ai  w  =  hq^  kp^ 

(1)  The  distances  (see  f.  793)  of  the  pole  of  any  pUme  {hkH)  from  the  poles  of  tls  pbnei 
(1010),  (OlIO),  (IlOO),  and  (0001)  are  given  by  the  following  equations: 

00.  PA  =  00.  (A«0  (1010)  =  ^3..^^^:^;^ 


Ik)- 


00.  PB  =  00.  (»*K)  (OlIO)  =  ^8.,  ^  4?*y  .fy  +  f^f 
•0.  PM  =  ««  (*«0  (1100)  =  ^gj^*^Z*)__ . 
•M  FO  =eM(UiO  (0001)  =  ^jp-j-jj^jp-j-^p-j-^^. 
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(2)  The  distaaoe  (PQ)  between  the  poles  of  any  two  planes  (hkS)  and  ( p^rf)  a  gifm  bjthi 
equation: 

00-  PQ  ^       Zit-h2c*{hq-{-pk  +  2hp  +  2kq) 

^       V  ta*"  4-  ^W  +  A;"  +  hk)]  [St*  +  4c'(  p^  4-  ^  +  pg)]' 

(3)  For  special  cases  the  above  formula  becomes  simplified ;  it  serves  to  giye  the  Tslne  d 
the  normal  angles  for  the  several  forms  in  the  ^stem.     Thej  are  as  follows : 

(a)  Hexagonal  Pyramid  [Ohhi],  f.  706, 

cos  X  (termmal)  =  3^5-^-^^ ;  cos  Z  (basal)  =  gjj-^^ 

For  the  hexagonal  pyramids  of  the  second  series  [(^M2i]  the  angles  have  the  sams  nloi. 
{b)  Dihexagonal  Pyramid  [^/t], 

CO.  X  (see  f.  797)  =  ^^,-^^^-^—^^. 

00.  Y  (see  f .  797)  _  g.^*  ^  4^.(/,.  ^  ^,  ^  ;k^)  • 

7  /K.    n         _  4^(A*  +  A;' -h  ^)  -  8<« 
00.  ii  (Dasai)         ~  ^^---—-^-———. 


(e)  Dfliexagonal  Prism  [M20], 

^  ,     .  ,,  A«  +  A:*  +  4^ 

^^<""^^       =2(A«  +  ifc»  +  iU)' 

^v/^.  n        2A^4-Wfc-*« 

COS  Y  (diagonal)  =  g^^,— ^^-^-. 

(iQ  Bhombohednm  k[0^'], 

8t*  -  2A«c» 


cos  X  (terminal)  = 


3P  +  i^h*' 


# 


M  Soalenohedron  /c[AJk2i], 

^,       ,  ftnn^      8*'^H-2<;'(W^a^-A;n 
COS  X  (see  f.  800)  =  3,.  ^  4,.(^,  ^  ;b,  ^  ;i^^ 

cosY(seet800;=   ^^i^  ^  ^^^^  ^  J^  ^  hk)  ' 

COS  Z  (basal)         =  _  ^_^^^^^^_^^_^^. 

(4)  Relations  of  planes  in  a  zone.— The  goneral  equation  (3,  p.  446)  is  to  be  ompl(VC^ 
For  the  pyramidal  zones  passing  through  the  pole  (0001)  it  takes  a  simpler  form,  vii. ' 

A  _  *  _  t      tan  PC 
p  ~  q  ~  ^  '  tan  QC* 
If  Q  =  (Olll),  then  : 

tan  PC      k 
tanQC  ~  7* 

Determination  of  the  axis  c-.— The  value  of  c  may  be  determined  from  anyoBCof  t" 
fqnatioiiB  which  have  beer,  given.     The  following  are  simple  cases  : 


Un(;iA2//20(C001)  =  ~. 


Also  tan  (0?ihi)  (0001) .  sin  60»  =  '4,  or  tan  (0111)  (0001)  .^W  ml 
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IV.  ORTnoHnomiio  STsrsaf. 

The  Oiiharlioinbio  flyitem  is  oliaracteTiied  by  three  nneqaal  notODgular  aiai,  i 
The  indices  A,  £,  I  ma;  be  either  plus  or  miniu,  in  the  general  form  \IM\,  bat  they 
ezchanfteablo,  since  thej  refer  to  lutei  of  different  lengtha.  Tbia  general  symbol  then  ei 
Ibe  following  plnnes : 

(W)  {hio)  {^ti  (hit) 

Ikkl)  {hO)  (fJcl}  (A^ 

Ae  different  valaei  ue  giren  to  A,  i,  I,  this  general  (arm  booomea  more  or  Ii 
The  poiBlbla  forms  h«  aa  foUom : 


\  liht]  i  A  >  i. 
( [AAf]  ■,h  =  k. 

[AOJJ  :  ;t  =  0. 

[OkJ]  :  A  =  0. 
([WO];  I  =Q,h>k. 
]lkho];  I  =  0.h>  k. 
([1101;  A  =  Jb  =  I,  1  = 

[100]  i  k=l  =0. 

[010]  ;  A  =  I  r=  0. 

[001] ;  A  = 


na-.lxmi 
d:l:mi 

■1 :  (ci  :  a^i 


These  symbola  belone  to  ti 
Pinaeoidt. — {a)  Basal  plan 


w. 

[m-fl. 
[ti]. 

fa 

[0]. 

s  folloWB : 
M<001)uid(00l).    (») 


f),(iiO),  (iio),(iiO). 


various  distinct  forms  of  this  STstem,  i 
Sfmbnl  [001],  incladiDg  the  two  plan 
MacropituKoid.     Symbol  [100],  Including  the  plane  [100],  and  [lOO]  opposite  to  it.    (e) 
JiraehypiaiKoid.     Symbol  [010],  including  the  planee  [OlO]  and  [OiO], 

Prisms. — (a)  Unit  prism  (/),     Symbol  110,  including  four  planes,  (110),  (1 
(i)   Macrodiagonsl    and   brachv diagonal 

IirlBms.  havlnt;  respectively  the  symbols 
hkO]  and  [^AO],  it  A  i»  greater  than  k. 
Thus  the  symbol  t-S  corresponds  to  [210]> 
and  1-2  to  [120]. 

i}ome«.--<i)  MacrodiaftDnol,  or  inaero- 
dames,  having  the  symbol  [A(U]  ;  and  (A) 
brachydiaeonal,  or  brar.hydotnea,  with  the 
symbol  [dlcl].  In  each  cASe  the  symbol 
embraces  four  similar  planes. 

Oetahtdrons  or  Pyramids. — 'i"ae  ejjn- 
bol  [AAr]  belongs  to  tbe  eight  planes  of  the 
unit  pyramids,  all  lying  in  tne  lone  be-  i 
twecn  the  unit  prism  [UO],  and  the  base 
[001].  H  A  =  hhe  form  is  then  [111], 
and  the  eight  planes   are  :   (111),  (ill), 

(iii).  dill,  (iii>,  rill),  (iii),  (lii). 

Of  the  general  pyramids  two  cases  are 
possible,  either  [At/j  or  [tAIl.when  A>*, 
these  correipobd  respectiTely  to  the 
prisma  JAAU]  and  [iAOJ.  They  are  the 
mecroJiagonal  and  btachydlagonal  pyra- 
mids of  Naumann ;  Ibus2-S(^d:26:3c) 
is  [211],  according  to  MUler,  and  2^  (=  Zi 


5 :  S^)  ia  [1S1]. 


*  The  same  lettering  Is  employed  here  as  in  the  eariy  part  of  this  work ;  it  differs  from 
that  of  Miller  in  that  vith  him  a  is  the  inaerodiagonal,  and  &  the  braehydiagimal  axis, 
Following  Oroth.  and  later  writers  (Baaennan,  etc.),  the  macropinaooid  has  the  symbol 
0')'\\  indthe  brachypinacoid  the  symbol  (010) ;  limliarlFtlw  macrodomes  an  in  satienl 
iVU).  rjid  the  btacbycbmM  (OU).  * 
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For  the  figures  of  the  above-mentioned  forms  see  pp.  42-44.  Their  relations  will  be  under- 
stood from  an  examination  of  f.  801,  showing  the  projection  of  the  crystals  in  f.  768,  p.  444. 
It  will  be  seen  that  all  the  macrodiagonal  planes  lie  between  the  zonal  circles  (diameten) 
(110)  (001)»  and  (100)  (001),  and  the  brachydiagonal  planes  between  (U0)(001)  and  (010) (001). 

Mathematical  Relations  of  the  Orthorhomhie  System, 

(1)  For  the  distance  between  the  pole  of  any  plane  P{hkl)  and  the  pinaooid  planes  we 
have  in  general  : 

C08«  PA  =  COS»  {hkl)  (100)  =  jTLTi — TTT-. — iTija 
^      '  ^      '      h  ft V  +  k*a*c*  4-  TaV 

COe'  PC  =  ««'  (AW>(001)  =  yftv  ^  ^^'  ^  p^.y  . 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  planes  (hkl)  and  (pqr)  : 

cosPQ=  ^  ^  — 

Vlh^b'e^  +  k'd'c'  +  ^a'ft"]    [i?«6V  +  q*a'c*  +  f^d'b*] 

(8)  For  planes  lyins  in  a  zone,  the  general  relation  (p.  446)  is  to  be  employed.     For  the 
special  cases,  practically  of  most  importance,  the  simplified  equations  which  follow  are  used, 
(4)  To  determine  the  lengths  of  the  axes,  the  general  equation  may  be  employed  : 

V-  COS  PA  =  X  COS  PB  =  -^  COS  PC. 

Here  PA,  PB,  PC  are  the  distances  from  the  pole  of  any  plane  (hkl)  to  the  pinaooid  planes 
(100),  (010),  (001)  respectively.    The  brachydiagonal  axis,  a,  is  made  the  unit. 

If  the  anffle  between  any  dome  or  prbm  and  the  adjoining  pinacoid  plane  is  giren,  the 
relations  follow  immediately  : 

tan  PA  =  tan  (AifcO)(100)  =  -r- 

hh 

tan  PB  =1  tan  (OA^  (010)  =  ^ 

ck 

tan  PC  =  tan  (hOl)  (001)  =  ^ 


V.   MoKOCLtNtC  StSTEM. 

Ill  the  Monoolinio  System  there  are  three  imeqaal  axes,  and  one  of  these  mokes  sn  oblldiM 

angle  with  a  second.     The  axes  are  lettered  as  shown  in  f.  802^ 
gQA  c  is  vertical,  b  the  orthodiagonal  axis,  and  d  the  clinodiagonAl 

axis  oblique  to  c,  hut  at  right  angles  to  b.  The  symbol  [hkl] 
embraces  only  four  similar  planes  In  the  most  general  ofese,  fot 
in  consequence  of  the  obliquity  of  one  of  the  axes,  iho  quadrants 
above  in  ttont  correspond  alone  to  those  below  and  bonind.  snd 
those  above  behind  correspond  to  those  below  in  front.  Tnis  is 
seen  dearly  in  the  projection  of  f.  803.  For  ±h,  ±k,  ±i  tks 
qrmbol  [hkl]  includes  tfDo  distinct  forms,  via. : 

(1)       (hkl)  (hkt)  (Itkl)  (hkl\ 

snd     (d)       (hkl)  (hk{)  (hkl)  {M, 

The  Tsrious  forms  sre  as  follows: 
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Pinaeoids.^Btae  [001].    Orthopinacoid  [100]. 
ooune,  oompxehending  two  planes  onlj. 

808 


Glinopmaooid  [010].     Each  qrmbol,  of 


80i 


Oroooite. 


/'rwTTM.— (a)  tJnit  prism  [110],  =  di  b  :  co6  {I)  of  Kanmann.  This  sjrmbol  embraoeafoof 
similar  prismatic  planes,  {b)  (Mho^Uagonal  prisms  [MO]^  where  k  >  k^  the  poles  of  these 
prisms  fall  CD  the  prismatic  zonal  circle  between  100  ana  110  (see  f.  803).  Thej  correspond 
to  the  prisms  i-n  l=d  :  nb  :  coc)  ot  Nanmann.  (e)  Olinodiagonal  prisms.  Symbol  [khO]t 
\  >  k,  lying  between  (110)  and  fOlO).     They  correspond  to  i-h  {=  nA  i  b  \(Xi  c)  ot  Naumann. 

Dome/t. — (a)  Hemi-orthodomes,  including  two  cases,  (101)  and  (lOl),  the  minua  domes  of 
Naumann  (opposite  the  obtose  angle) ;  and  also  (lOl)  and  (101)),  the  plus  domes  of  Naumann 
(opposite  the  acute  angle  fi),  {b)  ClinodomesL  Symbol  [OAaQ,  embracing  four  similar  planes 
(Okl)  (Okl),  (Okl),  (Okl).  The  dinodome  [Oil],  equiyalent  to  1-i  (:=:aod  :  b  :  mc)t  is  one  oase 
in  this  form. 

Pl/ramida. —The  pyramids  are  all  hemi-pyramids.  (a)  The  symbol  [hhl]  includes  the  unit 
pyramids  in  a  zone  between  [110]  and  [001].  (fi)  The  B3rmbol  [A^  includes  two  sets  of  hemi- 
pyramids,  whose  indices  haTe  been  given  on  p.  416,  corresponding  respectlTcly  to  — P  and 
4-P  of  Naumann. 

If  A  is  greater  than  k  these  are  orthodiaganai  pyramids,  corresponding  to  ±{d:nb  :ao6)  oi 
Naumann.  The  symbol  [kill]  on  the  same  supposition  includes  two  sets  of  planes,  like  those 
of  p.  45S«  and  differing  only  in  being  eUnodioffonal ;  equiralent  to  {nd  :  b  :  coe)  ot  Naumann. 

The  orthodiagonal  planes  lie  between  the  sone  flOO),  (001)  and  (110),  (001),  while  thedino* 
diagonal  are  between  the  latter  sone  and  (010)  (001),  as  is  seen  on  f.  808,  which  gim  thi 
projection  for  f.  804. 


Mathematical  Sdathm  f&r  thi  MonadUnk  SysUm, 

(1)  The  distances  of  the  pole  of  any  plane  {hJd)  from  the  pinoooid  planes  afe  {^ven  \3ff  Hit 
frUowing  equations  i 


cos 


hbc  -t-  toft  cos  jg 

PA»cos(;>«)(100)^^^^^^^_^^^..^^,^_^^^^^^_^^^^^^^^; 


cos  PB  =  COB  (AiU)  (010)  = 


kae^fi 


=■=^^1 


^h?W  -^'1^0^^  sin*  i3  +  Pd*V^  +  Mailfic  ooa  h 


lab  +  hbc  COB  /3 
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(8)  ^ie  diBtanoe  between  any  two  planes  may  be  azpresBod  in  general  form,  bat  in  all 
pracUoaUj  arising  cases  the  end  can  be  attained  by  the  solntion  of  one  or  more  sphecioal  tci* 
an|^  on  the  projection. 

(8)  For  the  relation  between  the  planes  in  a  zone  the  general  eqnittion  before  giTea  holda 
good: 

oot  PSj-  cot  PR  _  (PQ) .  (SR) 
cot'PQ  -  cot  PU  ~  (QR;  .  (PS)" 

(4)  For  all  leones  pn<«Lng  through  the  clinopinacoid  (010),  the  value  of  PR  may  be 
90*,  and  the  aboye  iKiuation  cousequently  simplified : 

A  -  —       tanPB  _  j^ 
"p  ^  g  '    tan  QB  ""  r 

This  equation  is  espeoiaUy  yalaable  for  determining  the  indices  of  planes  in  the 
and  clinodome  series. 

(5)  To  determine  the  axial  relations  the  general  equation  admits  of  being  transformed  cp  at 
to  read: 

A_         sin  PYA  _  p  sin  QYA       ^ 

/   •       sin  PYC  ~  r  •       sin  QYO  "   r.  » 

k         sin  PYA  _  g^         sin  QYA  _  ^ 
■"^  7  •         cot  PY  ■"  r  •        cot  QY  ""   e ' 

The  angles  PYA,  PYO  are  angles  which  may  be  calculated  directly  by  spherical  trianglea 
from  the  measured  angles.  Similarly  for  QYA,  QYC.  PY  and  QY  are  the  angles  between 
liie  giTon  plane  P  or  Q  with  the  clinopinacoid. 


VL  Triclinic  System. 

In  the  Triclinic  l^ystem,  since  the  axes  ore  unequal  and  all  mutually  oblique,  there  can  be 
no  plane  of  symmetry,  and  there  can  in  no  case  be  more  than  two  planes  included  in  a  single 
form.  The  three  axes  are  distinguished  as  a  vertical,  /-,  a  longer  lateral,  or  macrodiagonal 
axis,  If  and  a  shorter  lateral,  or  bnichy diagonal  axis,  a.  The  ix)Bition  assumed  for  the  axes 
is  shown  in  f .  250,  p.  80. 

The  general  symbol  [hkl]^  which  includes  eight  similar  planes  in  the  orthorhombic  system, 
is  here  resolved  into  four  independent  forms,  embracing  two  opposite  planes  only.  They 
ar«t  thuss 

These  corre5*poud  respecUyely  to  niP'n  (1),  m"Pn  (2),  mP,n  (3),  m,P/i  (4)  of  Nanmann,  oi 
^m-n ,  —  m-n,  m-n\  m'n\  as  the  abbreviated  symbols  are  written  in  the  earlier  part  of  this 
work. 

Contrary  to  the  usage  in  the  orthorhombic  system,  it  is  customary  to  moke  [lOOj  the 
maoropinacoid  («-t  =  a  :  ao6  :  ooc),  and  [010]  the  brachypinocoid  ii-i  =  cdu  :  b  :  qdc).  Planea 
having  the  symbol  [hOl]  ore  then  macrcdomes;  and  Uiose  of  the  symbol  fOArf)  are  brachy- 
domes.  Similarly  then  pyramids  (h  >  k)  of  the  form  [fikl]  are  macrodiagonal  pUti^^^  lyn^ 
those  of  the  form  \?tk£)  are  brachydisigonal  planes.  The  unit  prism  consists  of  two  independent 
forms  (110),  (iiO)  (I  =«P/),  and  (llO),  (110)  (I  =00 ',P). 

MaUitmaUonl  Rdatums  of  Hit  TrieUnic  Systenu 

In  oouseqnence  of  tlic  obliquity  of  the  axes  in  the  Triclinic  System  the  mathematical  rela* 
ttons  are  less  simple,  aud  the  general  equations  deduced  as  before  become  so  complicated  as 
to  be  seldom  of  much  practical  value.  Most  problems  which  arise  may  be  solved  hv  the  lonal 
relations,  or  by  the  solution  of  the  spherical  triangles  in  the  projection.  Some  of  the  mtmk 
important  relations  (given  by  Schranf )  are  as  follows : 
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If  the  angle  between  the  axes  X  and  Z  =  19,  between  X  and  Y  =  C  <^  betwuen  T  and  fl 
=  i  (see  f.  757) ;  if  also  a,  jB,  7  are  the  oorreqponding  angles  between  the  pinaooid  plan< 
then  * 


cos  fi  COB7  —  cos  a 
cos^  =  — 


sin  ^  siny 


00S1|  = 


COS7  cos  a  ~  cos  $ 
sin7sin  a 


cos 


A—   <^0«»  B  cos  tt  rr  COS  1 

*  ~~  sin  asJi  3 


and 
where 


cos*PX  = 


A**V  A» 


oos*PY  = 


*»a*c«  A. 


cos*P2  = 


Pa'b*  A» 


Ml  Ml  Ml 

Ai  =  [1  +  2  cos  a  cos  fi  cos  7  —  (cos*  a  +  cos'  fi  +  cos'  7)]. 

Ml  = /i-6^0^  sin^  a  +  ^-a  V  sin^  ^  +  ^a'6^  sin*  7  +  2a^  (AI6  cos  ^  sin  a  Hn  7 
+  hke  cos  7  sin  a  sin  iS  +  kla  cos  a  sin  ^  sin  7). 


Also 


cos*  AX  = 


A, 


sin''  a  ' 


cos  BY  = 


Ai 


sin'^  ' 


cosCZ  = 


A, 


sin*  7 


When  PX,  PT,  PZ  hare  been  found  by  calculation,  then  the  following  equation  gives  thi 
relation  of  the  axes : 

■^  cos  PX  =  -7-  cos  PY  =  -^  cos  PZ. 


As  seen  in  f .  805. 

cos  PX  =  sin  PBC  sin  PB  =  sin  PCB  sin  PC ; 
cos  PY  =  sin  PCA  sin  PC  =  sin  PAC  sin  PA ; 
cos  PZ  =  sin  PAB  sin  PA  =  sin  PBA  sin  PB; 
and  also  from  these  it  follows  that — 

4  sin  PAC  =  -^an  PAB  ; 


805 


4- Bin  PBA  = -r  "in  PBC  ; 


a  h 

-rr-  sin  PCB  =  -r-  Bin  PCA. 
A  A 


I  =  180'*  -  CAB  ; 


,  =  180»  -  ABC  ; 


f  =  180'  -  AOB. 


Rkt^ations  op  thb  Six  Crtstalline  Ststbms  in  Respbct  to  Stmmetbt. 

From  a  careful  study  of  the  spherical  projections  for  the  successive  systems  a  very  oleai 
idea  may  be  obtained  of  the  degree  of  symmetry  which  characterizes  each.  It  is  well  under- 
stood that  in  the  Isometric  System  there  are  nine  planes  of  symmetry ;  in  the  Tetragonal, 
jice ;  in  the  Hexagonal,  seven  ;  in  the  Orthorhombic,  three;  and  in  the  Monoclinio  only  ons. 
These  relations  are  shown  on  the  projections  by  the  symmetrical  distribution  of  the  poles  abovt 
the  respective  great  circles.     These  zone -circles  of  symmetry  are  as  follows  : 

Csometric  System  (f.  7G($) :  1st,  the  three  diametral  zones: 

3.     (010),  (001),  (OlOX 


1.     (100),  (010),  (100). 


2.     (100),  (001),  (iOO). 


Also  the  diagonal  zones : 

4.  (110),  (001),  (liO). 

5.  (llOj,  (001),  (110). 

Tetragonal  System  (f .  790) : 

1.    (100),  (010),  (iOO). 

Also  s 

4.     (110),  (001),  (1]0\  5.    (lIO),  (001),  (IlO). 


6.  (100).  (Oil),  (100). 

7.  (100),  (OH),  (100). 

2.     (100),  (001),  (IOO). 


8.  (010),  (101),  (OIO). 

9.  (010),  (101),  (010). 


8.    (010),  (001),  (OiO^ 


S.  (OlIO),  (0001),  (OllO). 

S.  (iSTO),  (0001),  (1310). 

7.  (lOlO),  (OlIO),  (1100). 
OrtiitrAomNe  SgttMt  (t  801} : 

1.    (100),  (010),  (lOO).            9.  (100),  (OOl),  (100). 
MMMlMe  SgUm  (t  804) : 

1.    (100),  (001),  (100). 

bUio  Mdinlo  Sjitem  then  ta  no  idane  of  ^nuMtay, 


8.    (010),(00]),  tOlO). 


Tm  Bhoubokedkal  Dinnoit  or  Ullbb. 


Tba  foDowbv  pn^eotion  (f .  806)  la  added 


order  to  ahaw  the  relation  of  tha  forms  In  the 
Heza^oiul  and  IthombohedTBl  Sjmtonu  m 
referred  to  the  three  eqnal  obliqne  axee  of 
Millet.    The  fonna  ore  na  fcdlon : 

The  plBDBi  h&ving  the  indioee  (100), 
(010),  (001)  are  thuM  of  the  (pins)  fniid»- 
mental  ihombohedrOD,  while  the  plane 
(HI)  ia  the  baae.  Theplanei  (221),  (121), 
(123)  are  those  of  the  minos  fnndamenta] 
rhombohedion ;  with  the  planea  (lOOL 
(010),  (001)  they  form  the  onit  hexagwial 
PTtamld. 

The  hexni^nal  nnitprinm  (/=  [OlIO]] 
haathesymbolB:  (2JI).(1^1>.  (112),  (211), 
(i31),(Il2).  Thesecopd.ordisKoimllieu- 
gonol  prism  (i-2  =  [1120]]  has  the  Bjinbala  i 
(lOi),  (110).  (Oil),  (101),  (110),  (Ull). 

The  diheziiKiuial  pjramid  embtaoaa, 
like  the  simple  hexogouiil  pyramid,  two 
forms,  [/iH]  and  [gfg] ;  the  a.vmbol  \hJd] 
hence  betonga  to  the  plna  scolenohedron, 
and  [efg]  to  the  mintui.  In  this  aa  in  othei 
that  r  «=  —h  +  2k  +  31, 


f  =  %h~ 


=  %h  +  2k-l. 


Insaix  of  the  form  f«/0]. 

Moat  of  the  proUems  luising  under  this  ajatem  can  be  solved  b;  tlie  ume  e)aaHaiH,  t 
tf  the  -mfiMog  out  of  Uu  ^>herioal  biai^aa  en  Ute  qthen  of  ptojeotaon. 


APPENDIX    B. 


ON  THE  DRAWING  OF  FIGURES  OF  CRYSTALS. 


IH  the  projection  of  ciystals,  the  eye  k  sappoeed  to  be  at  an  infinite  distanoe,  so  that  tlM 
rays  of  light  fall  from  it  on  the  oiystal  in  parallel  lines.  The  plane  on  whioh  the  oiystal  la 
projected  is  termed  the  plane  of  projection.  This  plane  may  be  at  rigH  aiigUe  to  the  yer- 
tiad  axis,  may  pass  Vmmgh  the  verticiU  axis,  or  may  intersect  it  at  an  oblique  angle.  These 
different  positions  give  rise,  respectively,  to  ithe  horizontal,  yerticat<,  and  obliqub  pro- 
jections. The  rays  of  light  may  fall  perpendieuiaHy  on  the  plane  of  projection,  or  may  be 
oMiquely  inclined  to  it ;  in  the  former  case  the  projection  is  termed  oktuoorafhio,  in  the 
second  clinoqrapiiic.  In  the  horizontal  position  of  the  plane  of  projection,  the  projection 
is  always  orthographic.  In  the  other  positions,  it  may  be  either  orthographic  or  dinographia 
It  is  generally  preferable  to  employ  the  vertical  position  and  clinograp&ic  projection^  and  this 
method  is  elucidated  in  the  following  pages. 
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Projbgtion  of  ths  Axsa. 

The  pxojeotion  of  the  axes  of  a  arystal  is  the  first  step  preliminary  to  the  projeotion  of  the 
form  ox  the  crystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  whioh  are 
equal  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the  other 
systems,  with  the  exception  of  the  hexagonal,  may  be  obtained  by  varying  the  lengths  of  the 
projected  isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Isometrie  System. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the  sides 
nor  top  of  the  crystal  are  risible,  nor  the  planes  that  may  be 
situated  on  the  intermediate  edges.  On  turning  the  crystal 
a  few  degrees  from  right  to  left,  a  side  lateral  plane  is  brought 
in  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
becomes  apparent.  In  the  following  demonstration,  the 
angle  of  revolution  is  designated  8,  and  the  angle  of  the  ele- 
vatiion  of  the  eye,  c.  Fig.  807  represents  the  normal  position 
of  the  horizontal  axes,  supposing  the  eye  to  be  in  the  direc- 
tiou  of  the  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  CG 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  deg^rees  equal  to  BMB'  (9)  the  axes  have  the 
position  exhibited  in  the  dotted  lines.  The  projection  of  the 
semiaxis  MB  is  now  lengthenod  to  MN,  and  that  of  the  semi- 
axis  MG  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  c),  the  lines  B'N,  BM, 
and  Oil  will  be  projected  respectively  below  N,  M,  and  H, 
and  the  lengths  of  these  projections  (which  we  may  designate  b"Sy  6M,  and  e'H)  will  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  G'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
by  a  simple  ratio  between  the  projected  axea  The  ratio  between  tiie  two  axes,  MN  :  MH. 
ns  projected  after  the  revolution,  is  designated  by  1  :  r :  and  the  ratio  of  b'S  to  MN  taj  1  :  J. 
Suppose  r  to  equal  8  and  $  to  equal  2,  then  proceed  as  zollowa : 


Dnw  two  Hum  AA',  E'H  (L  806),  inteneoting  one  another  at  Hght  anglM.     lEftks  HH  = 
ana  MH'  =  b.     Divide  HH'  into  S  (r)  poit^  and  through  the 

polnta,  N,  N',  thua  determined,  draw  perpendioolMxa  u 
™„.      „     ...   ...  i__j        .r  ..      ..   o(f_  belo^  B.\» 

HH;  audfromBdmrBM, 
U  the  {KIT 


HH'.    On  the  left  band  vettical, 
1 


part  H'S,  Equal 

■nd  extend  the  sanie  to  the  veitinal  X' 
jection  of  the  front  horiioDtsl  alia. 

Draw  BS  parallel  with  HH  and  connect  SU  From 
the  point  T  in  which  6M  inteisecta  BX,  draw  TC  par 
allel  with  MK.  A  line  (CC)  drawn  from  C  througb  H 
and  exl«nded  to  the  left  vertical,  is  the  projeotion  of  tbt 
tide  horizontal  axia. 

Lay  off  on  the  light  veitical,  a  part  HQ  equal   tc 

gMH,  and  make  MA  ==  MA'=  MQ ;' AA' U  the  *«rt1nl 

axis.     If.  B8  here,  r  =  3,  and  *  =  2,  then  >  =  18*  SS', 
*"  and  «  =  fl'  28',  for  oot  !  =  r,  and  cot  «  =  ri. 

Tetragonal  and  Orthorhombits  ^tterru. — The  axes  AA'.  CO',  BB,  constmcted  inOie  maniMt 
deeoribed,  are  equal  and  at  right  angles  to  each  other.     The  projection  of  Che  axes  of  «  tebk- 

Snal  oryital  is  obtained  by  limpl;  laj'in^  off,  with  a.  scale  of  proportional  partu,  on  MA  and 
A'  taken  as  units,  the  value  of  Uie  vertical  axis  {c)  for  the  given  species.     Thus  for  titoqti, 
where  d  =  '64.  we  must  lay  oS  '64  of  UA  above  M  and  the  same  length  below. 

For  an  orthorhombic  orjstal,  where  the  three  axes  are  onequal,  the  length  of  e  mnat  ■• 
before  be  laid  off  above  and  below  from  M,  imd  that  of  £  to  the  right  and  left  of  H,  on  CC , 
HO  baing  token  as  the  unit  It  ia  usual  to  make  the  fiont  axis  HB  =:  J  =  I. 
JfonownM  Saturn. — The  axes  i  and  d  in  the  monoclinic  s; atcm  are  inclined  to  one  anctlier 
Dt  an  obliqe  angle  =  S,  To  project  this  inclinatim,  and 
thus  adapt  the  iaometria  aiea  to  a  monoclinic  form,  laj 
off  {f.  809)  on  the  axis  MA,  Ma  =  MA  cos  B,  and  on  the 
axis  BB'  ^before  or  behind  M,  according  as  the  incliaatioa 
of  d  on  c,  ia  front,  is  acute  or  obtuse)  HA  =  UB  k  sin  fi. 
From  the  points  b  and  i,  draw  linca  parallel  respeoUTdj 
with  tbe  axes  AA  and  BB',  and  from  their  intetaaetion 
D'.  draw  through  M.  D'D,  making  MD  =  MD'.  The  line 
DD'  is  the  dinudiagonal,  and  the  lines  AA,  00,  DD'  re- 
present the  axes  in  a  monoclinic  solid  in  which  a  =  b  ^:  e 
^  1.  The  poiuts  a  and  b  and  the  position  of  the  azit 
DD  will  vaiy  with  the  angle  0.  The  relative  TSlnea  of 
the  Dies  may  be  given  t^cm  as  above  explained ;  that  ia, 
if  d  =  1,  la;  off  in  the  direction  of  MA  and  HA'  a  line 
equal  to  c-,  and  in  the  direction  of  MC  and  HC  a  line 
equal  to  A,  etc. 

I'ricliavi  /^slem. — The  vertical  sections  throogh  the 
borixontal  axes  in  the  tricliuic  system  are  obliqnely  in- 
clined ;  also  the  inclination  of  the  axis  >i  to  each  axis  A 
and  Cy  U  oblique.     In  the  adaptation  of  the  isometric  axes  to  the  triclinic  forms,  it  is  there- 
fore necessary,  in  the  first  place,  to  give  the  reqoinite 
^'"  obliquity  to  the  mutual  inclination  of  the  vertical  aeo- 

'  tions,  and  aiterwords  toadapt  tbc  horizODtal  axes.     Tlie 

inclination  of  thcsi;  aections  we  may  designate  A,  and  aa 
heretofore,  the  angle  between  a  and  i,  y,  and  ii  and  tf,  B. 
BB'  is  the  analogue  of  the  brachyiliffoual,  and  CC  of  the 
macrodiaeoual.  An  oblique  iticlinalion  rcuy  be  given  the 
vertical  sections,  by  varying  the  position  of  >-ither  of 
tbene  cectiuua.  Permitting  the  brachydiagonal  aootiCBi 
ABA  U  tn  remain  un&ltcrcd,  we  may  vary  the  othei  aei^ 
tionorroUoWB: 

Lay  oft  (f.  aiO)  on  MB,  m'-  MB  x  cos  A,  and  on  the 
axis  C  C  (to  the  right  or  left  of  H,  according  aa  tlie 
acute  angle  A  is  to  ^e  right  or  Uft).  Me  =  MG  x  ain  A ; 
completing  the  parallelogiani  Jii  Dc,  and  drawiny  the 
diagonal  MU.  extending  the  same  to  D'  so  aa  to  make 
HJ>>- MD,  we  obtain  the  line  DD' .  the  vertical  tMyn 
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pBmng  throngb  this  line  is  the  ooneot  maciodiogonal  lectian.  The  inclinatioD  of  n  to  Um 
new  mocrodiagonnl  DO'  u  itiJl  a  right  angle  ;  aa  also  Che  inclination  of  n  to  b.  their  obliqiM 
inclinatloni  ina<r  be  given  them  as  follows :  Lay  off  on  HA  (f.  810),  Ma  =  MA  x  cos  |9,  and 
on  the  axis  BB  (biachjdiagonal),  HA  —  MB'  x  sin  B.  Bf  completing  the  pumllelogtam  TSa. 
Eb,  tho  point  E  is  detenoined.  Hake  ME  =  ME;  EE  in  Che  projucteil  brauhj-diagonal. 
Again  la;  otl  on  MA,  Mn' =  MA  k  cos  a.  and  on  MD'.  to  Che  left.  M<1  =  MD  »  sin  a.  I>rait 
lilies  from  i'  and  d  ))itrallel  Co  MD  and  HA  ;  F  ,  Che  inCerenctiao  of  thi's 
of  tlie  miierodiagoDBl ;  nad  the  line  FF  ,  in  which  MF  =  MF,  i«  Che  inncrodingoniiL 
verCicnl  a^is  AA  and  the  boriiontal  &ies  EE  (brBcbj-diafrooal)  and  FF  (matroitiugonnl)  tbns 
obtained,  are  the  axes  in  a  tricUmu  fonn,  in  wbich  ii  =  b  =  e  =  l.  Dilfereut  values  may  be 
given  these  axen,  according  to  the  method  bereCofore  illoatraicd. 

He:citaonnl  tS(/j(ein,— In  chiB^stemtbcreare  three  eqnal  horiiontil  axes,  at  right  angles  ta 
the  vertical  axis.     The  uomuU  position  of  the  hoiiumtal 
axes  is  represented  in  f.  811.     The  eye,  placed  in  the  811 

line  of  the  axis  YY,  oboervea  two  of  the  semiaxe*,  MZ 
and  HU,  projected  in  the  same  straight  line,  while  the 
third,  MY,  appears  a  mere  point.  To  give  the  axes  a 
more  eligible  position  for  a  represeotat'on  of  the  variona 
planes  nn  the  si:liJ.  n-e  revolve  them  from  right  lo  ktt 
tbro:igb  a  certain  number  of  degrees  t,  and  elevate  the 
eye  at  an  angle  t.  'X'be  dotted  lines  in  the  flgnre  repre- 
sent the  axv*  in  their  new  situfttion,  resulting  from  a 
revolution  througli  a  number  of  ilpgrcen  eqaal  U> )  =: 
YHY  .  In  this  position  the  axis  MY  is  projected  upon 
HP,  MU  apon  MK.  and  MZ  on  UH.  Uragnating  the 
intermediate  a\U  1.  tbat  to  the  rigbt  II,  that  tu  the  left 
III.  if  the  rcvolutioD  is  euo'i  a*  to  give  the  projections 
of  I  and  II  tlie  r:itio  of  1  : :.',  the  relations  of  the  three 
projectioBs  will  be  as  follows :  I  :  II  :  III  =  1  :  S  :  3. 

Let  us  take  r(=  PM  :  HM)  equal  to  3,  and  »  {=  fiP  : 
PM)  eqnal  to  3.  these  being  the  moat  convenient  ratios  for 
representing  the  hexagonal  crystalline  forma.     The  following  wHl  b»  the  mode  of  a 

1.  Draw  the  lines  AA,  HH  (f.  812)  at  right  angles  with,  and  biseoting,  each  other.  Let 
HH  =  b,  or  HH  —  2b  Dividii  HH  into  six  parts  b;  vertical  lines.  Thesn  lines,  iDclndiiii 
tbe  left-  and  right-hand  veiticats,  raaj  be  Dnmbered  from  one  to  six.  as  in  the  Sgnre.  In  tbs 
flrst  vertical,  below  H,  la;  oft  HS  =:  ib.  and  from  S  draw  a  line  throngh  M  to  the  foDrtfa 
vertical.     YY  is  the  projection  of  the  axis  I. 

2.  From  Y  draw  a  line  to  Che  sixth  vertical  and  parallel  with  HH.  From  T,  the  extremity 
of  this  line,  draw  a  line  to  N  in  the  second  venicaL 

Then  from  the  point  IT,  in  which  TS  intersecCa  the  ^i- 

Qtth  verticij.  draw  a  line  throngh  H  to  the  second 
vertical ;  UU  is  tbe  crojeotion  of  the  axis  II. 

3.  From  K.  where  T.V  intersects  Che  third  verti- 
cal, drsw  RZ  Co  the  first  verCical  parallel  with  HH. 
Then  from  7.  draw  a  line  throngh  M  to  the  lixth 
v'.'rtical ;  this  Hue  ZZ  is  the  projection  of  the  axil 
HI. 

4.  For  the  vertical  aiia,  la;  oft  from  N  oq  the  sec- 
ond vertical  If.  Cll2i  a  line  of  an;  length,  and  con- 
struct open  this  line  an  equilateral  triangle  ;  one  side 
(NQ  of  this  triangle  will  intersect  the  first  vertical 
at  a  distance,  IIV,  from  H,  corresponding  to  Z  H  in 
f.  til  1  i  for  in  the  triangle  NHV,  the  angle  UNV  u 
an  angle  of  3't  .  and  HM  -  iMH.  MT  is  therefore 
Che  radius  at  Che  circle  (f.  811).  Hake  therefore 
HA  =  MA'^MV!  kA  is  the  vertioal  axis,  andYY', 
W  .  ZZ'  are  the  projected  horiiODbJ  axes. 

The  vertical  axis  has  been  oonsCruoled  equal  to  the  horismtal  axes.  Its  actoal  lenglb  b 
diSerent  hexagonal  or  rhombobedral  forms  ma;  be  laid  oS  aocording  to  tbe  method  snlBcieDU; 
explained. 

The  projection  of  the  Isometrio  and  hexagonal  azaa,  having  been  once  aecvraletf  made,  aad 
that  on  a  coQvenieatl;  large  scale,  ma;  be  kept  on  a  pleoe  of  cardboard,  and  will  then  ancWM 
all  sabaequent  reqnirameuta.  Whenever  needed  for  use,  these  axes  ma;  be  iniiisf erred  ;o  • 
sheet  of  paper,  and  Ouia  adapted  in  length,  ot  inolinatloa,  or  both,  to  the  oaie  iii  hand. 
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Pbojxottoh  of  tub  Posus  ot  Cbtstaia 

flhljfc  Jbmu:— Vhen  ths  szid  araai  hu  been  oonstmcted  for  th«  givea  spodea,  th«  Hait 
octahedron  is  obtuned  at  once  by  joining'  Uu 
extremilies  or  the  axes.  Ai.'.  BB ,  CO',  as  in 
f.  B13.  Hare  oa  in  ft]t  omse  the  lines  whioh 
fsll  in  front  are  drawn  stronglj,  while  tlinao 
behind  are  nmplj  dotted. 

For  the  (Uamitral  priiani  draw  thiongh  B, 
B',  C,  C,  of  the  projected  axes  of  sny  spemoB, 
lines  parallel  to  the  axes  BB ,  CC,  nntU  Uia* 
meet;  they  mske  the  psrallelogTMo,  abed, 
which  ia  s  transTetse  sectioD  of  the  prism,  pav- 
kllel  to  the  base.  Through  a,  b,  e,  d  draw 
lines  psrsllel  and  eqoal  to  the  vertical  axia, 
mskiD^  the  parts  above  and  below  these  points 
equal  to  the  vertical  semiazJa.  Then,  oonneot 
the  eztremitiee  of  these  lines  b^  linea  paralld 
to  ai,  be,  cd,  dn,  and  the  fieure  will  be  that  of 
the  diametral  priam,  corresponding  t  o  the  azas 


la  the  case  of  the  isometric  ^Btem  this  dia- 
metral prism  is  the  onbe,  whose  faces  ore  represented  by  the  letter  II;  in  the  tetragonal 
■7*tem  it  Is  the  prisia  0,  ^f ;  In  the  orthorhombio,  the  prism  0,  f-t,  i-<;  inthemoriot^inic,  the 
prism  0,  »-i  i-i ;  in  the  trioHnio,  0,  i-l,  i^. 

The  KTiit  vertieai  prum  in  the  tetrai^nal,  orthorhombio,  and  dinometnc  systems  may  be 
projected  b;  drawing  lines  porallet  to  the  vertical  axis  AA'  throut'h  B,  C,  B .  C.  making  tha 
patts  above  and  below  these  points  equal  to  the  vertical  semiaxiH ;  and  then  connecting  the 
extieqiitiee  of  these  lines  bj  linen  psrallel  bo  BC,  CB',  B  C ,  C  li.  The  plane  BCB'C  is  n 
transverse  section  of  iach  a  prism  parallel  to  its  base.  It  is  the  prism  O,  7.  in  each  of  the 
^stemi  exciting  the  triclinic,  and  ia  that  O,  I,  I' ;  a  tgTtiire  prism  in  tho  tetrogo  ml  sjatem ; 
a r^oUrftmiMte  Id  the  orthorhombio;  an  oW^erAtnndi'e  in  the  mouoclinic;  an  obli-ina  rboai> 
bolul  in  the  triclinic. 

Other  simple  forms  nnder  ths  different  systems  are  oonstracted  in  essentially  the  samtt  waf. 
It  ia  only  neceBBair  to  lay  down  upon  the  axe*  eoob  plane  of  the  form,  in  lightlydrawn  liiwa, 


note  the  points  where  it  hitaiMota  the  adjoining  planes,  and  draw  these  In  n 

When  the  process  is  complete  the  constructicn  lines  may  be  erased.     The  pm         

illnstrated  by  t.  B14  and  f.  81S.     In  the  former  caas  it  is  required  to  draw  tha  trigonal  Mao* 
ubedroo,  whose  syBibd  i«  S 


^:sti. 
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In  f.  814  the  thiee  planes  of  the  first  octant  ai«  represented,  they  are2: 1:1, 1:2:1, 
and  1  :  1  :  2.  It  will  b^  seen  here,  what  is  always  true,  that  the  two  points  of  intersection 
required  to  determine  the  line  of  intersection.  Us  in  the  axial  planer.  These  lines  of  interseo- 
fciotj  are  represen  ed  by  the  dotted  lines  in  f.  814.  If  the  same  process  be  performed  for  the 
other  octants,  the  complete  form,  as  in  f .  816,  will  be  obtained. 

Similarly  in  f.  8!  5,  the  octagonal  pyramid  1-2  is  constructed ;  the  figure  shows  the  planet 
of  one  octant  only,  c  :  2a  :  a,  and  c  \  a  -.  2^,  and  the  dotted  line  gives  their  liije  of  intersec- 
tion. Carry  out  the  same  plane  of  construction  in  the  other  octants,  and  the  form  of  f.  81  "J 
will  result. 

The  construction  of  the  various  crystalline  forms,  by  this  method,  especially  those  of  the 
isometric  system,  will  be  found  an  interesting  and  instructive  process,  and  will  lead  to  a  clear 
nnderstanding  of  the  forms  themselves  and  their  relations  to  each  other.  Another  and  quicker, 
though  more  mechanical  method  of  constructing  the  isometric  forms  may  also  be  given. 

Projection  of  Simple  laometi'ie  Forms. — This  method  depends  upon  the  principle  that  in  the 
different  isoinetric  forms  the  vertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
inte raxes  (p.  10).  If,  therefore,  these  points  (the  extremities  of  the  intcraxes),  can  be  deter- 
mined in  the  several  crystalline  forms,  it  is  only  necessary  to  connect  them  in  order  to  obtain 
the  projection  of  the  solid  itself. 

As  a  preparation  for  the  construction  of  figures  of  isometric  crystals,  it  is  desirable  to  have 
at  hand  the  figure  of  a  cube  projected  on  a  large  scale,  with  its  axes,  and  its  trigonal  (octahe- 
dral), and  rhombic  (dodecahedral)  interaxes. 

The  values  of  the  interaxes  t  and  r,  for  a  given  form,  are  obtained  by  adding  to  their  nor- 
mal length  the  values  of  t'  and  r'  respectively  given  by  the  following  equations ;  those  of  the 
ootahe^on  being  taken  as  a  unit : 

2mn  —  (m  -h  w)  _  ^  ~  ^ 

"~    mn  H-  (m  -h  n)   '         "~  n  h-  1  * 
The  proportion  to  be  added  to  the  interaxes  for  some  of  the  common  forms  is  as  follows: 
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To  construct  the  form  4-2,  the  octahedron  is  first  to  be  project-ed,  and  its  axes  and  inter- 
axes drawn.  Then  add  to  each  half  of  each  trigonal  interaxis.  five-sevenths  of  its  length ; 
and  to  each  half  of  each  rhombic  interaxis,  one-third  of  its  length  The  extremities  of  the 
lines  thus  extended  are  situated  in  the  vertices  of  the  solid  angles  of  the  hexoctahedron  4-2, 
anrl  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  inclined  hfmihedral  isometric  forms  (p.  20),  the  rhombic  interaxes  do  not  terminate 
In  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  in  the  projection 
of  these  solids.  The  two  halves  of  each  trigonal  interaxis  terminate  in  the  vertices  of  dis> 
similar  angles,  ifnd  are  of  unequal  lengths.  One  is  identical  with  the  corresponding  interaxis 
in  the  holohedral  forms,  and  is  called  the  holohedral  portion  of  the  interaxis ;  the  other  is  the 
hemihedral  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interaxis  that  portion  of  the  same  indicated  in  the  formula : 

2mn  —  {m  —  n) 

mn  -+-  (w»  —  n) ' 

If  the  different  halves  of  the  trigonal  interaxes  be  assumed  at  one  time,  aft  the  holohedral, 

and  again  as  the  hemihedral  portion,  the  reverse  forms  --q—  and  —  -— ^—  may  be  projected. 

2  2 

The  following  table  contains  the  values  of  the  above  fraction  for  several  of  the  inclined 

hemihedral  forms,  and  also  the  corresponding  values  for  the  holohedral  portion  of  the  inter* 

axis  : 

Hoi.  Intemx.    Ilom.  interaz.  HoL  interax.    Hem.  intern, 

^-^  (t  76,  p.  20)       0  3  ^-^^(f.a5)  I  I 

i^>(t81)  *  8  <-^Nf.87)  ♦  J 


(8-8) 


%  %  '^  ♦  » 


The  jiaratlel  hemihtiiroTu  (lot  moimple,  the  pentagODal  dodecabedron,  or  bemi'tetiKlMBM* 
dnm)  oontain  a  solid  uiRle,  situated  in  a  line  betweeu  the  eitremitiea  of  eachpaicot  nriiilmw. 
nhiah  is  colled  aa  viuymmftrieat  solid  angle.  The  vertices  of  theiie  nii|;les  ore  at  unequal 
distancea  from  the  two  adjacent  axes,  and  therefore  are  not  in  the  line  of  the  HioiDbiu  inter- 

azei.  Tlis  co  OTdinutieH  of  *hiB  solid  angle  for  any  form,  as  ,,  .  may  be  fonnd  by  til*  Itar- 
mnlas----  '  nnd  -' — —r^.  By  means  of  these  tormulna,  the  siluilioD  of  two  pointe,  « 
and  b  ((.  8tH).  in  each  ot  the  axes  may  be  determined  :  and  if  linex  nre  dra«-a  thnniKh'A  and 
b  In  each  semioxis  pomJlel  to  the  other  ales,  the  intarsectious  n  c ,  of  these  lioea  will  btt  Um 

Tartioes  ol  the  nn symmetrical  solid  angles,  those  marked  e  of  the  form      ■„      and  thoM  n 
f-Ol  the  form  -  ^„— '■■ 


Tlw  trigonal  intcTaxcs  are  of  the  aame  length  as  in  the  holohedi.il  forms.  The  TaiMM  of 
tbeae  intetaxes,  and  of  the  coordinates  ot  the  unRymmetrical  solid  angle  for  different  pMialM 
bemihedronH,  are  contained  in  the  following  tnble  : 


^2-  \  \        ^        ^^l  (1.  08)  1  *        t 

Prqftetian  of  a  RfiirmbohedTOJt. — To  construct  a  rhombohedron.  lay  off  Terticals  th-ongh  (ht 
axtremities  of  the  horiiontnl  axes,  and  moke  the  parts  both  above  and  belon-  these  ettremitiei 
eqaal  to  the  third  of  the  vertical  scmioxis  (f.  SIO).  The  iJoinM  E,  E.  E .  E ,  etc ,  are  thiu 
determined  ;  and  if  the  eitreiniljes  ot  the  vertical  axis  be  conneclfid  with  the  poin's  B  or  E . 
rhombohedrons  in  different  positions,  mil.  or  — mR,  will  be  constmcted. 

Ssirfeno/itt/ron.— Thescilenohedron  m'  admits  of  a  piimiliir  construction  with  the  ihoinbdiu 
dion  mB.  The  only  variation  required,  in  to  multiply  1  he  vertical  axis  by  the  number  of 
units  in  n.  after  the  pomta  E  and  E  in  the  rhoinbohedmn  mB.  have  been  determiued  ;  then 
connect  the  points  E,  or  Che  points  B ,  with  one  another  and  with  the  extremities  of  the  Ter- 
tical  azia. 

3.  CamjAfx  Formit. — When  it  is  required  to  figure  not  only  the  planes  ot  one  form,  that 
Is,  those  embraced  in  one  symbol,  but  also  tbo^•c  of  a  number  luodifyiii);  one  another,  a  soma- 
what  ditTcrent  proceBsis  found  decirable.  It  is  priKsible  iudeed  to  construct  a  complex  fom 
In  the  wny  nipiitioneil  on  p.  466,  each  plane  being  laid  off  »ii  the  given  iixex.  and  iu  interaeo- 
lion  edges  with  adjoining  planes  dcterminrd  by  tu-ii  points,  alwayH  in  the  mini  seotions.  whidi 
It  has  in  common  with  each.  Iu  ihlo  vay,  hoivever,  tbe  figuro  will  soon  bi^conie  so  comidea 
IS  to  be  extremely  perplexing,  and  thus  lead  In  error  and  consequent  loss  of  time. 

Thia  difficulty  is  in  part  avoided  by  the  use  of  one  projection  of  the  axes  on  a  hugcr  aeala, 
Bpon  which  iha directions  of  the  inteaeotion-liDMamdotenninet].  while  a  second  tmallar  mm. 
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placed  below  and  parallel  to  it  on  the  same  sheet  of  paper,  is  nsed  for  the  aotoal  Jrawing  ol 
the  crystal  In  most  oases,  however,  the  crystal  may  be  drawn  as  conveniently  withont  the 
use  of  the  second  set  of  axes.  The  size  of  the  fig^e  may  be  either  that  which  is  to  be  finally 
required,  or,  more  advantageously,  it  maybe  drawn  two  or  three  times  larger  and  then  reduced 
by  photography.  This  method  is  especially  to  be  recommended  when  the  figures  are  finally 
to  be  engraved  on  wood,  since  from  the  enlarged  drawing  they  may  be  photographed  directly 
upon  the  wood  of  any  required  size,  and  thus  a  very  high  degree  of  accuracy  attained. 

Ajrpliaiiion  of  (^ueuHtedVs  Prof eetwn.  — The  process  of  determining  tlie  direction  of  tin 
intersection-edges  is  much  simplified  if  the  principles  of  Quenstedt^s  Projection  (p.  55)  :ii> 
made  use  of.  In  other  words,  the  symbol  of  every  plane  is  so  transformed  that  for  it  tli  > 
length  of  the  vertical  axis  is  unity.  This  extremity  of  the  vertical  axis  is  then  one  point  oj 
intersection  for  all  planes  whatsoever,  and  the  second  point  will  always  lie  in  the  horizontal 
plane,  that  of  the  lateral  axes.  The  change  in  the  symbol  requires  nothing  but  that  the 
symbol,  expressed  in  full,  should  be  divided  by  the  coefficient  of  the  vertical  axis.  The  direc- 
tion of  each  intersection-edge,  when  determined,  is  transferred  to  the  figure  in  process  of 
construction  by  means  of  a  small  triangle  sliding  against  a  ruler  some  8  inches  in  length.  11 
will  be  found  in  practice  that,  especially  when  this  method  is  employed,  it  is  not  necessary 
to  actually  draw  all  the  lines  representing  each  plane,  but  to  note  simply  the  required  points 
of  intersection.  This  method  and  its  advantages  (nee  Klein,  Einleitung  in  die  Elrystallberech- 
nunp:,  II.,  p.  387)  will  be  made  clear  by  an  example. 

It  is  required  to  project  a  crystal  of  andalusite  of  prismatic  habit,  showing  also  the  planes 
i-£,  »i,  1  *,  1,2-2,  1-i,  and  0. 

It  is  evident  that  an  indefinite  number  of  figures  may  be  made,  including  tho  planes  men- 
tioned, and  yet  of  very  different  appearance  according  to  the  relative  size  of  each.  It  is 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the  crystal  in  nature,  only 
in  ideal  symmetry,  hence  it  is  very  important  in  all  cases  to  have  a  sketch  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketch  is 
made  with  a  little  care,  so  as  to  show  also  the  parallelism  of  the  intersection- edges  in  the 
oooarring  zones,  it  will  give  material  aid.  The  zones,  it  is  to  be  noted,  are  a  great  help  in 
drawing  figures  of  crystals,  and  they  should  be  carefully  studied,  since  the  common  direction 
of  the  intersection-edge  once  determined  for  any  two  planes  in  it,  will  answer  for  all  others 


820 


The  first  step  is  to  take  the  projection  of  the  isometric  axes  already  made  once  for  all  on 
a  conveniently  large  scale,  and  which,  as  before  suggested,  is  kept  on  a  card  of  large  sise, 
and  ready  to  be  pierced  through  on  to  the  paper  employed.  These  axes,  now  of  equal  length, 
must  be  adapted  to  the  specie!}  in  hand.  For  andalusite  the  axial  ratio  is  r  :  h  :  .}  =  0*712  : 
1*014  :  1  ;  hence  the  vertical  axis  c  must  have  a  length  *71  of  what  it  now  has,  and  the  lateral 
axis  one  1  '01  ;  these  required  lengths  are  determined  in  a  moment  with  a  scale  of  equal  parta 

The  next  step  is  to  draw  the  predominating  form,  the  prism  /.  Obviously  its  intersection* 
edges  are  parallel  to  the  vertical  axis,  and  its  basal  edges,  ititersecting  0,  are  parallel  to  pt, 
tq  in  the  projection  (f .  820).  The  planes  i-i,  and  t  2  are  now  to  be  added,  whose  intersections 
with  each  other  and  with  /  are  parallel  to  c.  The  position  of  one  edge,  //^2,  having  bees 
taken,  that  of  the  other  on  the  other  side  is  detennhied  by  the  point  where  a  line  parallel  tc 
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APPENDIX. 


Uie  Hii«  ''  meetB  the  basal  edge  of  the  pri'^n.     SJmilarlj  the  positiou  uf  tho  aaan:  prUaamtM 
edgra  behind  are  given  by  the  int«raeclioii  of  lineH  from  front  to  Tata  parallel  to  the  axis  d. 

The  prisma  drawn,  it  remajnB  to  wid  the  tenninal  plaaes.  aud  aa  thej  thna  mndify  one  an- 
Bther'a  pOBicioQ.  thcj  are  drawn  together.  The  required  ioterscocion -lines  are  enailj  obtalnod. 
The  mocrodcime  1-i  ia  tbe  plane  pB»aipg  through  the  point  e  and  iutcrseoting  the  boriiontal 
plana  in  the  line  pag  ;  thin  line  is  obviousl;  the  direction  of  itfl  intellection -edge  iritb  I'-i  aitd 
with  0.  The  priam  i-2  appears  (f.  830j  an  tbo  two  liaes  mm',  tin' ;  tlie  liue  turn'  prndnosd 
beyond  m  mceta  jfiq  at  z.  thin  will  be  one  common  point  for  the  two  pianos  1  -1  and  i-i ;  tk» 
second  common  point  is,  aa  olwaye.  the  (loiut  e,  hence  the  liue  joining  these  euro  pointi,  tnua 
totred  to  the  ciyatal  in  the  way  deeoribed.  gives  the  required  intersect  ion- eil^  for  ^2  oud  1-i. 
Similarly  for  i-'l  on  the  right,  the  two  points  of  interaection  are  e.  and  the  f  oint  where  n'M 
and  g-ip,  prodaced,  meet,  and  tMn  gives  the  second  intersection-edge.  The  planes  1-t  and  1 
(right)  meet  at  d  and  e  ;  hence  the  line  ix/ gives  the  direction  of  their  in'eraection-edgti,  wbiot 
la  also  the  direction  of  that  of  1-i  and  1  (left),  and  of  1  and  3-i.  right  and  left  on  both  aidea. 
Still  i^ain,  the  plane  3-3  has  the  foil  symbol  2-  : 't> :  2:.  or  t :  ih  :  -  ;  and  heuoe  iotenecUtha 
horizontal  ploaa  (f.  630)  in  the  lines  ill  (righti,  lit  (left),  and  (t'g.  np  ihebindi.  Hence  tba 
intersection -edge  of  /.  2-2,  1-i  has  the  direotioa  of  the  line  joining  the  points  c  and  »  (right), 
and  similarly  to  the  left  and  behind.  The  intersection- edge  of  2-i  front,  and  3-£  behind,  bat 
the  direction  of  the  line  joining  the  points  e  and  x  (right)  and  o  and  y  (left). 

The  method  of  obtaining  the  intersect! on- edges  of  the  planes  will  be  clear  from  this  ax- 
ample.     I'ractical  facility  in  drawing  Gguies  by  tbia  or  any  othar 
fl3]  method  ia  only  w  be  obtained  by  practice. 

It  will  be  fonnd  that  at  almost  every  step  thert  is  nn  oppOTtnni^ 
to  test  the  accuracy  of  the  work — thus  eviiry  (loint  of  iDtOrsectiiiU 
on  the  basal  plane  behind  mnxt  lie  on  a  line  drawn  from  the  cor- 
responding point  in  front  on  the  basal  plane,  in  the  direction  of  the 
axis  d;  so.  too,  the  point  of  intcrauction  of  3-J  and  /  (front),  3-1 
and  J_(l>ehiDd).  on  one  siile,  must  be  in  the  line  of  the  horiiontal 
axis  (A)  with  that  on  the  other  side,  and  similarly  in  other  casea. 

If  it  were  requited,  as  is  generally  necessary,  to  complete  the 
form  (f.  831)  below,  it  ia  unneccasary  to  obtain  any  new  intorMC- 
tion  lines,  nince  every  line  above  has  il,s  corresponding  line  oppo- 
site and  parallel  bo  it  below.  Moreover,  in  an  orthorhombic  crj^a- 
tal  every  point  above  has  a  oorresponding  point  below  on  a  Ime 
paioUet  to  the  vertical  axis.  This,  as  above,  will  serve  as  a  control 
of  the  Bccuroc;  of  the  work. 

There  ia  another  method  of  drawing  complex  crystalline  fomi 

which  bos  many  advantages  und  is  sometimes  to  be  preferred  to 

any  other;  it  can  be  explained  in  a  very  few  words.     After  the 

B  have  been  obtoiacd  the  diametral  priam  is  coni<tructed  upon  thera.     Upon  the  Bolid 

nngles  of  tbia  each  plane  of  the  required  form  is  laid  off,  the  edges  being  token  instead  of  tba 


Suppose  that  f.  822  repreaents  the  diametral  prism  of  an  orthorhombic  crystal.  H«ra 
obviously  the  edge  a  =  ic,  i  =  2l>,  t  =  21.  The  plana  1  {■':  :  I  :  li)  may  be  laid  Off  Oa  it  I9 
taking  from  the  angle  a  equal  portions  of  tbe  edges  e,  i,  t,  for  inatanoe,  ooavenientlT  oom 


I  THB  DRAWWG   OF   FIOimiES   OF  CHT6TALS. 


471 


haUofMoh,  hanoe  Uie  plane  sppeara  a»  tnni).  Again  the  [done  3  (3c  :  I :  fl)i»UidoSb7taUu2 
the  unit  leoKths  of  the  edg«B  I  [i),  ami  i  {d)  and  twioe  tho  unit  length  of  «  i.i],  the  plane  ir 
then  mnb.  Again,  the  plane  4-3  14c  :  l  :  Si)  takes  the  position  n|i&,  since  ap  =  2c,  ap  =  ih, 
and  an  =  u,  tDe  ratio  of  the  edges  (axes)  being  the  same  us  in  the  symbol.  So  also  the  phuic 
S-2  (ie  :'Zb  ;  n]  bos  the  position  rmo,  since  ao  =  c,  am  =  l,  nnd  ar  =  |ii,  here,  too,  thv 
ritin  of  the  aiea  being  preaeived.  B7  plotting  the  sncoessiTe  planes  of  the  ciystsl  in  tli^c 
»ay,  each  solid  angle  coTTceponding  to  an  octant,  the  direction  of  the  inteneetion-edgeH 
tor  the  given  formaie  at  once  obtained.  Pot  example,  the  interHecdon-pdge  foil,  andthabs^J 
I  lane,  as  also  for  1  and  3,  it  is  the  line  mn  ;  for  land  i-i  it  is  the  dotted  line  joining  thecommoa 
jiointa  II  nnd  a;  tor  1  and  3-3  it  is  tbs  line  nio-  for  3  and  4-i,  also  for 3  and  2-2,  it  ia  Uie  lino 
joining  the  common  points  flu. 

The  direction  of  the  required  intersection-edges  being  obtained  in  this  wtj,  they  are  used 
to  constmct  Uie  crystal  itself,  being  trau^erred  to  it  in  the  nimal  way.  In  f.  ^  the;  have 
been  placed  npon  the  diametral  prism,  and  when  this  process  hsa  been  completed  tot  the 
other  an^as,  and,  too,  the  domes  i ,  I',  are  added,  tbe  form  in  t  834  reenlta. 

Oh  Tea  Dbawiko  ov  Twin  Crtbtalb. 
In  order  to  projeot  a  oompoand  or  twinned  oiTstal  it  is  generally  necesaaij  to  obtain  first 
tbe  axes  of  the  second  individual,  or  semi-individnal,  in  the  position  in  which  the;  are  btonght 
bytberevolntionof  180'.  Tbit  is  aecomplished  in  the  following  manner.  In  f.  83S  a  00m- 
ponnd  crystal  of  stanrolita  is  represented,  in  which  twinning  has  taken  place  (1)  on  an  axis 
noimal  to  J-f,  and  (3)  on  an  axis  normal  to  f-|.  The  second,  being  the  more  general  case,  is 
of  the  greater  importance  Tor  the  sake  of  example.  In  f.  835,  ai',  bb',  aa'  represent  the  tect- 
angnl&i  axes  of  stonrolite  («  =  1 -441,  f  =  %-\\2,a  =  \).    The  twinning-plane  f-l  (}j  :  -f  :}d) 


has  the  position  MKB.  It  is  flrvt  neoeasary  to  constmot  ■  normal  from  the  centra  O  to  Udi 
plane.  If  perpendicolors  be  drawn  from  the  centre  O  to  the  lines  HX,  NB,  MK,  Uiey  will  meet 
them  at  the  points  X.  y.  t,  dividing  each  line  into  segments  proportional  to  the  squares  of  the 
adjacent  axes  ;*  or  "Sx  :  Vx  =  ON*  :  OH*.     In  this  way  the  points  ir,  j/,  t  are  fixed,  and  lines 

■  This  Is  tme  since  the  axial  angles  are  right  angles.  In  the  Monoolinio  System  tw«  of 
the  axial  inteisections  are  perjtendionlBT,  and  they  are  mffldent  to  allow  of  the  detbrmlna- 
Uon  of  tbe  point  T,  as  abo*a.     In  the  Triolinio  System  the  method  needs  to  be  slightly 
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drawn  fEom  anj  two  of  ihem  to  the  opposite  angles  B,  N,  or  M  will  fix  the  point  T.  A 
joining  T  and  O  is  normal  to  the  plane  (MNR  =  f-^).  Fnrthermore,  it  is  obyioos  thai  if  a 
revolution  of  180'  abont  TO  take  place,  that  eveiy  point  in  the  plane  MNB  will  remain 
equally  distant  from  T.  Thus,  the  point  M  will  take  the  place  fi(M.T  =  Tju),  the  point  V  tiie 
place  ff  (NT  ^T/i')»  and  so  on.      The  lines  joining  these  points  /«,  $\  £r,  and  the  common 

centre  O  will  be  the  new  axes  corresponding  to  MO,  NO,  RO.  In  order 
to  obtain  the  unit  axes  corresponding  to  <-,  I,  u  it  is  merely  necessaiy  to 
draw  through  e  a  line  parallel  to  MT/x,  meeting  /uO  at  7,  then  7O7'  is  the 
new  vertical  axis  corresponding  to  eOe\  also  ^0^  corresponds  to  bOb\ 
and  aOa  corresponds  to  aO<i'.  These  tjiree  axes  then  are  the  axes  for 
the  second  individual  in  its  twinned  poitition ;  ui>on  tbem,  in  the  usual  waj, 
the  new  figrure  maj  be  constructed  and  then  transferred  to  its  proper 
position  with  reference  to  the  normal  crystal. 

For  the  second  method  of  twinning,  when  the  axis  is  normal  to  J-i,  the 
construction  is  more  simple.  It  is  obvious  the  axis  is  the  line  Ox,  and 
U9ing  this,  as  before,  the  new  axes  are  found ;  kOk  corresponds  to  cOe' 
(sensibly  coinciding  with  bb  ),  since  O  a  ^-i  =  134 '  21',  and  so  on.  • 

In  many  cases  the  simplest  method  is  to  construct  first  the  normal 
crystal,  then  draw  through  its  oentre  the  twinning-plane  and  the  aada  of 
revolution,  and  determine  the  angular  points  of  the  reversed  crj'stal  in 
the  principle  alluded  to  above:  that  by  the  revolution  every  point 
remains  at  the  same  distance  from  the  axis,  measured  in  a  plane  at  right 
angle  to  the  axis. 

Thus  in  1  827  when  the  scalenohedron  has  been  drawn,  since  the  twinning-plane  ia  the 
basal  plane,  each  angular  point,  by  the  revolution  of  180'',  obtains  a  position  eqoidiifltaat  ixom 
this  plane  and  directly  below  it.  In  this  way  eaoh  angalar  point  is  determined,  and  the 
ponnd  (ByBtal  is  completed  in  a  moment 
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CATALOGUE  OP  AMERICAN  LOCALITIES  OF  MINERALS. 

The  following  catalogue  *  may  aid  the  mineralogical  tourist  in  s(»1ccting  his  routes  and 
arranging  the  plan  of  his  journeys.  Only  im|)ortant  localities,  which  have  aftordod cabinet 
siKJcimens,  arc  in  general  included ;  antl  the  names  of  those  minerals  which  have  been 
obtained  in  good  itpecimens  are  distinguislied  by  italics,  the  iuidition  of  an  exclamation 
mark  (!),  or  of  two  (!!).  indicates  the  degree  of  excellence  of  the  specimen;?.  Many  of  the 
localities  mentionetl  have  been  exhausted,  others  will  now  yield  good  specimens  only  when 
further  explored  with  blasting,  elc.  In  general,  only  those  of  the  localities  mentioned  can 
be  relied  upon  as  likely  to  reward  the  visitor  liberally  where  active  work  is  being  continually 
carried  on. 

MAINE. 

Albany. — Beryl!  ffreen  and  black  tourmaline,  feldspar,  rose  quartz,  mtile. 

Aroostook. — ^Red  hematite. 

kviJiXiws.—LqndoUte,  amblygoniUe  [hebronite),  green  tourmalins, 

Bath.— Vcsuvianite,  garnet,  magnetite,  graphite. 

Bethei<.  —  Cinnamon  garnet^  caldte,  sphene,  beryl,  pyroxene,  hornblende,  epidote, 
graphite,  talc,  pjTite,  arsenopyrite,  magnetite,  wad. 

Bingham. — Mnsnite  pyrite,  galenite,  blende,  andalusite. 

Blue  Hill  Bky.— Arsenical  iron,  moiybdenite!  galenite^  apatite/  ftuorite/  black  tonnmi* 
line  (Long  Cove',  black  oxide  of  manganese  ^Osgood^s  farm),  rhodonite,  bog  manganwie. 
wolframite. 

BowDoiN. — Rose  quartz, 

BowDoiNUAM. — Beryl,  molybdenite. 

BiiUNBWicK. — Qresnmioa,  garnet!  black  tourmalins!  molybdenite,  epidote,  caleitSy  mtu 
eovite,  feldspar,  beryl. 

BucKFiELD. — Garnet  (estates  of  Waterman  and  Lowe),  iron  ore,  museovite!  tourmalins ^^ 
magnetite. 

Gamdage  Farm.— (Near  the  tide  miUs),  molybdenite,  wolframite 

Camden. — Made,  galenite,  epidote,  black  tourmaline,  pyritc,  talc,  magnetite. 

Caumel  (Penobscot  Co.)-— Stibnite,  pyrite,  made. 

CoRiNNA. — Pyrite,  arsenopyrite. 

Deer  Isle. — Serpentine,  verd-antique,  asbestus,  diallage,  magnetite. 

Dexteu. — Galenite,  pyrite,  blende,  chalcopyrite,  green  talc. 

DrxFiELD. — Native  copperas,  graphite. 

East  Woodstock. — MuBcovite. 

Farmingtox. — (NortoQ^B  ledge),  pyrite,  graphite,  bog  ore,  gamet,^  staurolite. 

Fbrei*okt. — Boife  quartz,  garnet,  feldspar,  scapolite,  graphite,  muscovits, 

Fryeiiuug. — Oar  net,  beryl. 

Georgetown. — 'Parker's  island),  beryl!  black  tourmaline. 

Greenwood. — Graphite,  black  mangancKe.  beryl!  arsenopyrite,  cassiterite,  miea^  ro9$ 
quartz,  garnet,  corundum,  albite,  xiroon,  molybdenite,  magnetite,  copperas. 

*  The  catalogue  is  essentially  the  same  as  that  published  in  the  5th  Edition  of  Dana's  Byt 
tem  of  Mineralogy,  1868.    The  names  of  a  considerable  number  of  new  localities  have  been 
added,  however,  which  haye  been  deriyed  from  various  printed  sources,  and  also  from  private 
contribntions  from  Prof.  G.  J.  Brush,  Mr.  O.  W   Hawes,  Mr.  J.  Willooz,  and  olheiiL 

See  further  on  pp.  508  to  508. 
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BRBaon.^Ot:miieriU,  anenopjrite,  idocnae,  lepidciiU,  airMygonUe  {^ebrom!t€}^ 
indioolite,  grun  tourmaline^  miea^  beryl,  apatite,  albite,  ehUdrenite,  oookeiU, 

J  K WELL'  B  ISLAKD.  — Pyrite. 

Katahdin  Iron  Works.  —  Bog-iron  ore,  pyrite,  magnetite,  quartz. 

Lettkr  £,  Oxford  Co. — StauroUte,  made,  copperas. 

LiNNiEUS. — Hematite,  liinonite.  pyrite,  bog-iron  ore. 

LiTcnFi£LD. — Sodalite^  (nincrinite.  elaolite,  zircon,  spodumene,  moaooTite,  pjziliotite. 

LintKC  Lead  Mixes.  -  GaUnite,  chalcupyrUe,  blende, 

Macuia&port.— <7a«/)«r.  epidote,  laumontite. 

3IADAWASKA  SfiTTLEMENTS. —  Vitianite, 

yiisoT.— Beryl  s/noky  quartz. 

Monmouth. — ActinoUtie,  apatite,  elaolite,  zircon,  staorolite,  plnmoee  mica,  beiyl,  n&tilau 

Mt.  AuuAnAM. — Audalusite^  staurolite. 

Norway. — C/u-ysoberyU  molybdenite,  beryl,  rote  quartz,  ortliockue,  cinnamon  gamei. 

Orii^s  Island. — Sttatiie,  garnet  andalxiaite. 

Oxford. — Garnet,  bet^l,  apatite,  wad,  zircon,  muecotiU^  ort/ioelase. 

Paris. — Green/  red  I  black,  and  blue  tourmaline/  mica/  lepidoUte/  feldspar,  albitej  quarit 
crytUiU/  rose  quartz,  camterite,  amblygoniU,  zircon,  brookite,  beryl,  smoky  quartz,  ipoda- 
mene,  cookcite^  leucopyrite. 

Pabsonskikld. —  VettutianUe  /  ydlow  garnet,  pargasite,  adtdaria,  BcapoUte,  galenite,  l?lffndft. 
cbalcopyrite. 

Peru — Crystallized  pyritc.  , 

PHiprsBURO. —  YeOou)  garnet  /  manganaian  garnet,  vesutianite,  pargante,  axinite^ 
tits  /  chabazite.  an  ore  of  cerium  ? 

Poland.  — VeRuvianite,  smoky  quartz,  cinnamon  garnet. 

Portland. — Prehuite,  actinolite,  garnet,  epidote,  amethyst,  calcite. 

PowNAL.  — Black  tourmaline^  fddepar^  scapoUte.  p^Tite.  actinolite,  apatite,  rose 

Raymond. — Magnetite,  scapoUte,  pyroxene,  IcpidxAite,  trernolite,  hornblende,  epidote, 
olaae,  yellow  garnet,  pyrite,  Ye8u\'ianite. 

Rockland. — Hematite,  tremolite,  quartz,  wad,  tale. 

RuMKORD. —  Veilow  garnet,  veeuvianile,  pyroxene,  apatite,  scapoUte,  graphite. 

Rutland. — Allanite. 

Sandy  Rivkk. — Auriferous  sand. 

Sanford,  York  Co,— Vesuvianite/  albite,  calcite,  molybdenite,  epidote,  black  toiuiiuiaiftt, 
labradorite. 

Sea R8MONT. — A  ndalusitc,  tourmaline. 

SouTU  Berwick. —Macle. 

Standisii. — CUumbite  / 

Streaked  Mountain. — Beryl/  black  tourmaline,  miom,  garnet. 

Thomaston.  —  Cr(^/^<>,  trernolite,  horjiblende,  sphene,  arsenical  iron  (OwPs  head),  bleelt 
manganese  (Dodge's  mountain),  thomsfmite,  tale,  blende,  pyrite,  galenite. 

ToPSHAM. — Qu4trtz,  galenite,  blende,  tungstite?  beryl,  apatite,  molybdenite,  colmnblte. 

Union. — Miiguetite,  hog-iron  ore. 

Wales. — Axiuite  in  boulder,  alum,  copperas. 

Watery ILLE—  Crystallized  pyrite. 

Windham  (near  the  bridge). — Staurolite,  spodumene,  garnet,  beryl,  amethyst,  cyoiidli, 
tourmaline. 

Win  SLOW.  — Caasiterite. 

WiNTUROP. — Staurolite,  pyrite,  hornblende,  garnet,  copperas. 

Woodstock. — Graphite,  hematite,  prehnite,  epidote,  calcite. 

York. — Beryl,  vivianite,,  oscide  of  manganese. 

NEW  HAMPSHIRE. 

Acworth. — Beryl/ /  mica/  tourmaline,  feldspar,  aXbite,  rose  quarts,  eohimhUef  ejinlle, 
aatunite. 

Alstkad. — Mica/  /  albite,  black  tourmaline,  molybdenite,  andalusite,  staurolite. 

Amuerst. — Vesuvianite,  yellow  garnet,  pargasite,  calcite,  amethyst,  magnetite. 

Bartlett. — Magnetite,  hematite,  brown  iron  ore  in  large  veins  near  Jaokson  (on  ^^  BdM 
face  mountain  *'),  quartz  crystals,  smoky  quartz. 

Bath. — Galenite,  chalcopyrite. 

Bedford.  — Tremolite,  epidote,  graphite,  mica,  tourmaline,  alnm,  qoertL 
'  Bellows  Falls.— Oyanite,  staurolite,  waveliite. 

Bbiitou  —  Graphite, 
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G  AMFTON.  —Beryi ! 

GAifAAN. — Gk)ld  in  pyrites,  garnet 

Charleston. — StauroUU  maele^  andalusiU  made,  bog-iron  ore,  prehnite,  ojanite. 

OoBNisu. — Stibnite,  tetrahedrite,  rutUs  in  gitartz/  (rare),  HauroUte. 

Croydkn. — loUtel  chalcopyrite,  pjrrite,  pjrrhotdte,  blonde. 

Enfield. — Gold,  galenite,  staurolite,  g^een  quartz. 

Franceston. — Soapstone^  arsenopyrlte,  quartz  crystals. 

Franconia. — H(rriiblende,  staurolite!  ejndoU!  zoisiU,  /lematite,  magnetite  Uaek  and  rad 
Vianganenian  f/nrnets^  arscnopjrito  (danaite)^  chalcopyrite,  molybdenite,  prebnite,  greea 
quartz,  malachite,  azorite. 

Gilford  (Gonstock  Mt.). — Magnetic  iron  ore,  native  *  loadstone." 

G osHEN. — O raphite,  black  tourmaline. 

GiLMANTOWN.—Tremolite,  epidote,  muscovite,  tourmaline,  limonite,  red  and  yellow 
quartz  crystals. 

Grafton. — Mica  !  (extensively  quarried  at  Glass  Hill,  2  m.  S.  of  Orange  Summit),  oZM^  ^ 
blue,  green,  and  yellow  beryls!  (1  m.  S.  of  O.  Summit),  tourmaline^  garruts,  triphyliU^  apft* 
cite,  fluorite. 

GaANTiLAM,—  Oray  staurolUe/ 

Groton. — Arsenopyrite,  blue  beryl,  muscovite  crystals. 

Hanovkr. — Garnet,  a  boulder  of  qairtz  containing  rutUe/  black  tourmaUne^  qitarU,  eyO' 
nite,  labrndoHte^  epidote. 

Haverhill. — Garnet  I  arsenopyrite,  native  arsenic,  galenite,  blende,  pyrite,  chalcopy- 
rite, magnetite-,  marcasite,  steatite. 

HiLLSBORO'  (Campbell's  mountain). — Graphite. 

HiNBDALE. — lihodontte,  black  oxide  of  manganese,  molybdenite,  indicolite,  black  tour* 
maline. 

Jackson.— Drusy  quartz,  tin  ore,  arsenopyrite,  native  arsenic,  fluorite,  apatite,  magnetite, 
molybdenite,  wolframite,  chalcopyrite,  arsenate  of  irozL 

Jaffrey  (Monadnock  Mt.). — Cyanite,  limonite. 

Keene. — Graphite,  soapstone,  milky  quartz,  rose  quartz. 

Landaff. — Molybdenite,  lea4  and  iron  ores. 

Lebanon.  — Boy-iron  ore,  arsenopyrite,  galenite,  magnetite,  pyrite. 

Lisbon. — Staurolite,  black  and  red  garnets,  granular  magnetite,  Jurrnbiende,  ejndote^MoMi^ 
hematite,  arsenopyrite,  galenite,  gold,  ankerite. 

Littleton. — Ankerite,  gold,  bomite,  chalcopyrite.  malachite,  menaocanite,  chlorite. 

Lyman. — Gold,  arsenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper,  pyrrhotite. 

Lr^E. —  Cyanite  (N.  W.  part),  black  tourmaline,  rutile,  pyrite,  chalcopyrite  (E.  of  E.  yU* 
loge),  stibnite,  molybdenite,  cassiterite. 

Madison. — Galenite,  blende,  chalcopyrite,  limonite. 

Merrimack. — RutUe!  (in  gneiss  nodules  in  granite  vein). 

MiDDLETOWN.  ^RutMc, 

Monadnock  Mountain. — Andalnsite,  hornblende,  garnet,  graphite,  tourmaline,  ortho* 
(lose. 

MoosiLAUKK  Mt, — TourmaUne, 

MouLTONDOROUOU  (Red  'Wl\),—Hombende,  bog  ore,  pyrite,  tourmaline. 

Nk  WING  TON.— Garnet,  tourmaline. 

New  London. — Beryl,  molybdenite,  muscovite  ciystala. 

N  K  wpo  RT. — Molybdenite. 

Okanoe. — Blue  beryls!  Orange  Summit,  chrysobeiyl,  mica  (W.  side  of  mountain),  apatitev 
galenite,  limonite, 

Orford. — Brown  tourmaline  (now  obtained  with  difficulty),  steatite,  rutile,  cyanite,  brown 
iron  ore.  native  copper,  malachite,  galenite,  garnet,  graphite,  molybdenite,  pyrrhotite,  mela* 
conite,  chalcocite,  ripidoUte, 

FELUAM.—JSteatite. 

PiERMONT. — Micaceous  iron,  barite,  green,  white,  and  brown  mica,  apatite,  titanio  iron. 

PLYMonTH.— Columbite,  beryl. 

Richmond. — lolite!  rutile,  steatite,  pyrite,  anthophyUite,  tala 

Rye.  — Chiastolite. 

Saddleback  Mt. — Black  tourmaline,  garnet,  spineL 

Suelburne. — Galenite,  black  blende,  chalcopyrite,  pyrite,  pyrolosite. 

Spbinofield.— Beryls  (very  large,  eight  inches  diameter),  manganesian  gmrMUt  Mail 
ymrmaXine  !  in  mica  slate,  aUrite,  muvi. 

Sullivan. — TourmaUne  (black),  in  quartz,  beryL 

Surrey. — Amethyst,  oaloite,  galenite,  limonite,  tourmaline. 

Swanvet  (near  Keane). — Magnetic  iron  (in  miMfw  in  granita). 
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Tamwortii  (near  White  Pood). — Galenite. 

Unity  (estate  of  James  Neal). — Copper  and  iron  p}/rUe»^  ohlorophydUe^  green  mtoa^ 
ated  acHncUte^  g^ornet.  titanjferous  iron  are,  magntiite^  tonrmaline. 

Walpole  (near  Bellows  Falls). — Made,  staorolite,  mica,  graphite. 

Ware  . — Graphite. 

Warrkn. — Ghaktipj/rite,  blende^  epidote,   quartz,  pyrite,   tremolite^  galenite,   rutHe,  M^ 
molybdenite,  cinnamon  atone  !  pyroxene,  hornblende,  heryl^  cyanite,  tourmaline  (massive). 

Water VILLE. — Labradorite,  chrysolite. 

Westmoreland  (south  part). — Molyhdeniie!  ajtatitef  blue  fddepar,  bog  manganese  (north 
▼illacro)i  quartz,  fluorite,  chalooi)yrite,  oxide  of  molybdenum  and  uranium. 

White  Mts.   (Notch  near  the  '* Crawford  House'').— Green  octahedral  flnorice,    quaiti 
enystaU,  black  tourmaline,  chiastolite,  beryl,  calcite,  amethyst,  amazonstone. 

WihuOT.— Beryl 

Winchester.— Pyrolusite,  rhodochrosite,  psilomelane,  magnetite,  granular  quarts,  i|K)dm* 
mene. 

VERMONT. 

Addison. — Iron  sand,  pyrite. 

Alburoh. — Quartz  ciystals  on  calcite,  pyrite. 

ATnEN& — Steatite^  rlunnb  spar,  actinolite,  garnet. 

Baltimore. — tierpentine^  pyrite  J 

Barnet.— Graphite. 

Bblyidere. — Steatite,  chlorite. 

Bennington. — Pyrolusife,  brown  iron  ore,  pipe  clay,  yellow  oohra. 

Berkshire. — Ifffndote,  hematite,  magnetite. 

Bbtuel.^ Actinolite/  talc,  chlorite,  octahedral  iron,  rutile,  brown  epar  in  eteoHU. 

Brandon.— 'Braunite,    pyrolusite,   pttihtnelane,    limonite,  lignite,   white    clay,    atatnaiy 
marble  ;  foKsil  fruits  in  the  lignite,  graphite,  chalcopyrite. 

BRATTLEnououaii. — Black  tourmaline  in  quartz,  mica,  zoisite,  rutile,  actinolite,  acapolittt, 
■podumenc.  roofing  nlate. 

Bridgewatku. — J\ilc,  dolomite,  magnetite,  steatite,  chlorite,  gold,  native  copper,  blend% 
galenite.  blue  spinel,  chalcopyrite. 

BRiSTOii. — UutUe^  limonite.  manganese  ores,  magnetite. 

Brookfield.  — Arscnopyrite,  pyrite. 

Gabot. — Garnet,  staurolite,  hornblende,  albite. 

Cabtleton. — liiHjfing  siate,  jasper,  manganese  ores,  chlorite. 

Cavendisu. — Ganiet,  serpentine,  talc,  steatite,  tourmaUne,  asbesfus,  iremoUte, 

Ghestkr. — AsbeMus,  feldspar,  chlorite,  qtiartk, 

GniTTENDEN. — Psilomelone,  pyrolusite,  brown  iron  ore,  hematite  and  magnetUe^  gatonlle, 
iolite. 

GoLCHESTRR. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Corinth— Chalcopyrite  (has  been  mined),  pyrrhotite,  pyrite,  rutile,  quartz. 

GovKNTiiY.— Uhodonite. 

Craktsbury. — Mica  in  concentric  bolls,  calcite,  rutile. 

Derby.  — Mica  (*i  danrnte) . 

DUMMKKSTON. — Rutilc,  roofiug  slate.  . 

Fair  II.\ven.  —Iif)oJlug  slate,  pyrite. 

Fletcher.- -Pyrite,  magnetite,  acicular  tourmalins 

Grafton.— The  steatite  quarry  referred  to  Grafton  la  properly  in  Athena ;    quartt^ 
nolite. 

Guilford. — Scapolite.  rutile,  roofing  slate. 

Hautford. — Calcite.  pyrite/  ryanite  in  mica  slate,  quartz,  tourmaline. 

Irasburqii. — lliiodonite.  psihmelane. 

Jay.  —  C/iromic  iron,  serpentine,  amianthus,  dolomite.. 

Lowell. — Picrosmine,  amianthus,  Ber])entine.  cerohte,  talc,  chlorite. 

Marlboro*. — Rhomb  Mj}ar,  steatite,  ganut,  magnetite,  chlorite. 

Mbndon. — Magnetic  iron  ore. 

MlDDLEBCRY.  — Zircon. 

MiDDTiicsKX.— Rutile !  (exhausted). 

Moneton. — Pyrdudte,  brown  iron  ore,  pipe  clay,  feldspar. 

MoRh'TOWN. — Smoky  quartz/  steatite^  talc,  wad,  rutile,  serpentine. 

Morristown.  — Galenite. 

Mount  Kohi^Y.—Asbestus,  chlorite. 

New  FASK.—Oltissy  and  asbesUform  aetinoUte,  steatite,  green  quarU  (oalled 
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At  the  loculiiy),  ohalcedoiiy,  dmsy  qtiartz,  garnet,  ehrtmUe  and  titanic  iron,  rhomb  ipar^ 

■erpentine,  mtUe. 

^OHvriCTL.—ActinoUte^  feldspar^  brown  apar  in  talo,  cjonite,  soisite,  chaloopyiite,  pjiiia 

PiTTSPORD.  — Brown  iron  ore,  manganese  ores. 

Pltmoctfi. — Siderite,  magnetite,  hematite,  gold,  galenite. 

Plympton. — Massive  hornblende. 

Putney. — Fluorite,  brown  iron  ore^  rutHe^  and  toisite,  in  boulders,  staorolite. 

Reading. — GUissjf  actindite  in  talc. 

Readsbouo'. — Ulastty  actinolite^  steatite,  hematite. 

RiPTOX. — Bivwn  iron  ore,  augite  in  boulders,  octahedral  pyrite. 

Rochester. — Rutile,  hematite  ciyst. ,  magnetite  in  chlorite  slate. 

RocKiNonAM  (Bellows  Falls). — Cyanite,  indicolite,  feldspar,  tourmaline,  fluorite,  cftMBte, 
prehnite,  staurolite. 

RoxBURT. — Dolomite,  talc,  serpentine,  asbestus,  quartz. 

Rutland.— J//i^/i09i70,  white  marble,  hematite,  serpentine,  pipe  olaj. 

Salisbury. — Brown  iron  ore. 

Sharon. — Quartz  erystaJs,  oyanite. 

SnoREiiAM. — Pyrite,  black  marble,  calcite. 

SRREWsnuRY. — Magnetite  and  chalcopyrite. 

Starksboro'. — Brown  iron  ore. 

Stirling. — Chalcopyrite,  talc,  serpentine. 

Stockbridge  — Arsenopyrite,  magnetite. 

Strafford. — Magnetite  and  chalcopyrite  (has  been  worked),  native  copper,  hoxnUeikle, 
copperas. 

Thbtford.— -Blende,  galenite,  cyanite,  chrysolite  in  basalt,  pyrrhotite,  fddepar,  roofing 
tlate^  steatite,  garnet. 

TowNsiiEND. — ActinoUte,  black  mica,  talc,  steatite,  feldspar. 

Troy. — Magnetite,  talc,  serpentine,  picrosmine,  amianthus,  steatite,  one  mile  southe«st  of 
village  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  Missisco,  chromite,  zarat.'to. 

Vekshirb. — Pyrite,  chalcopyrite.  tourmaline,  arsenopyrite,  quartz. 

WARD8B()RO\—^/«itd,  tourmaline,  tremolite,  hematite. 

Warren. — Actinolite,  magnetite,  wad,  serpentine. 

Water  BURY. — Arsenopyrite,  chalcopyrite,  rutUe,  quarts,  serpentme. 

Waterville. — Steatite,  actinolite,  talc. 

Weathersfield.  —Steatite,  hematite,  pyrite,  tremolite. 

Wells'  River.  —Graphite. 

Westfield. — Steatite,  chromite,  serpentine. 

Westminster. — Zoisite  in  boulders. 

Windham. — Glassy  actinolite,  steatite,  garnet,  serpentine. 

Woodbury. — Massive  pyrite. 

Woodstock.  —Quartz  crystals,  garnet,  zoisite. 

MASSACHTJSETT& 

• 

A LFORD.— Galenite,  pyrite. 

Atiiol.— /1^/f/a^,  fibrolite  (?),  epidotel  babingtoolie  ? 

A  UB  u  RN. — Afasonits. 

Barue. — liutilef  mica,  pyrite,  beryl,  feldspar,  gameL 

Great  Barrington. — TremoUte, 

Bkdvohd. —Oamet. 

Belcherton. — Allanite. 

Bern  ARDSTON.  — Magnetite. 

Beverly. — Columbite,  green  feidspar,  casdterite. 

Blanford. — Serpentine,  anthophylUte,  actinolite  I  chromite,  (^yanitoi  rose  qualii  tB 
boulders. 

BohTos. ^ Scapolite  /  jyetalite,  spliene,  pyraeene,  nuttatits,  tUopmde,  boUonite,  apatite, 
ne^ite,  rhomb  npar,  allanite,  yttrocerite  /  cerium  ochre  ?  (on  the  eoftpolite),  spineL 

BoxBORouoit. — ScapoUte,  spinel,  garnet,  augite,  aotinoUte,  apatite. 

Brighton. — Asbestus. 

Brim  field  (road  leading  to  Warren). — Mite,  adulaxia,  molybdenite,  mioa,  garnet 

Carlisle. — TounnaUne,  garnet  I  seapoUte,  actinolite. 

Chablestown.  ^Prehnite,  laumantite,  stilbite,  chabaiite,  qnarti  onyitals,  melanolita, 

QbrJjUSFoud,— SeapoUte    (eheUnifoidite),    chondrodite^    hUu  sgrindf    atninnihmi 
qnaitiL 
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ORBflTBB. — EanMende^  seapoUte,  zoidUy  apodumene,  indicolite,  apatifce,  magnetite,  chxtk' 
mite,  stilbite,  henlasdite,  analcits  and  cbabazite.  At  the  Emery  Mine,  Chester  Factories.  — 
Oantndumf  margarUe^  diagpare^  epidote,  comndophilite,  chloritoid,  tonrmaline,  menaeoan)" 
He  /  ratile,  biotite,  indianito  ?  andesite  ?  cyaniU^  amesite. 

Chesterfield. — Mue^  green,  and  red  tourmaline^  eleavdnndite  (albite),  lepidolite,  mnok^ 
qttarUf  micrdite,  tpodumene^  cyanite,  apatite,  rose  beryl^  garnet,  quartz  crystals,  gtauroUig^ 
ea^terite,  cdumbite,  zoiaite,  uranite,  brookite  (enmanite),  scbeelite,  anthopbjllite,  boznite. 

Conway.— Pyroluaite,  fluorite,  zoisite,  nitUe  /  /  native  alum,  galenite. 

CUHMINOTON. — Rhodonite!  commin^^nite  (hornblende),  marcasite,  garnet. 

Dbdeail — Afibestoa,  galenite. 

Debbfield. — Cbabazite,  benlandite,  stilbite,  amethyst,  camelian.  chalcedony,  agat^L 

FiTCHBURO  (Pearl  Hill). — Beryl,  stauroUte!  gameta,  molybdenite. 

FozBOBOUGH. — Pprite,  anthracite. 

Franklin.— Amethyst. 

OoBHBN. — Mica,  albite,  spodvmene/  blue  and  green  tourmaline,  beryl,  zoihite,  smoky  quar^ 
oolnmbite,  tin  ore,  galenite,  beryl  (goabenite),  pihlite  (cymatollte). 

Greenfield  (in  sandstone  quarry,  half  mile  east  of  village). — Allophane,  white  and 
greenish. 

Hatfield. — Barite,  yellow  qnartz  crystals,  galenite,  blende,  chalcopyrite. 

Hawlbt. — Micaceous  iron^  massive  pyrite,  magnetite,  zoisite. 

KBATK.-^Pprite,  toisUe. 

Hinbdale. — Brown  iron  ore,  apatite,  zoisite. 

HUBBABDSTON. — Masstve  pyrite. 

Lanoabter. — Cyanite,  chiastdite!  apatite,  stanrolite,  pinite,  andalnsite. 

Lee. — TremdUtef  sphene/  (east  part). 

Lenox. — Brown  hematite,  g^bbsite(?) 

Lbybrett. — Barite,  galenite,  blende,  chalcopyrite. 

Letden. — Zoisite,  rutUe. 

Littlbfield. — Spinel,  scapolite,  apatite. 

Ltnnfield. — ^Magnesite  on  serpentine. 

Martha*8  Yinetard. — Brown  iron  ore,  amber,  selenite,  radiated  pyrite. 

Mendon.— ifsba/  ohlorita 

Middlevield. — Olassy  actin^te,  rJiomb  spar,  steatite,  serpentine,  feldspar y  drasy  qnaatm^ 
■petite,  zolaite,  naorite,  dialcedony,  talo  !  deweylite. 

HiLBURT. — VerrnieuUte, 

Hontaoue.  —Hematite. 

Newburt. — Serpentine,  ohrysotile,  epidote,  m/tssive  garnet,  siderite. 

Newburtfort. — Serpentine,  nemaUte,  uranite. — Argentiferous  galenite,  tetrahedrite, 
ohaloopyrite,  pyrargyrito,  etc. 

New  Bbaentrbb.— J5!i(z«A;  tourmaline. 

T^OHWica.— Apatite  I  black  tourmaline,  beryl,  spodumenef  triphylite  (altered),  blende, 
qnarts  oiystals,  oassiterite. 

XOBTHFIELD. — CcHumbitc,  fibrolite,  cyanite. 

Palmer  (Three  Rivers). — Feldspar,  prehnite,  calc  spar. 

Pelhail — Asbestus,  serpentine,  quartz  crystals,  beryl,  molybdenite,  green  hot nsUme,  epidote. 
amethyst,  corundum,  vermiculite  (pelhamite). 

Plainfield. — Cummingtonite,,  pyrolusUe,  rhodon ite. 

Richmond. — Brown  iron  ore,  gibbsite!  aUopliane. 

RocKFORT. — DanaUte^  eryophyUite,  annite,  cyrtolite  (altered  airoon),  green  and  white  ort^t. 
dose. 

RowE.— Epidote,  talo. 

South  Rotalston. — Beryl! I  (now  obtained  with  great  difficulty),  mica!  !  ftidepari 
allanite.  Four  miles  beyond  old  loc,  on  farm  of  Solomon  Hey  wood,  mka  !  beryl!  jeMepmti 
nenaooanite. 

RUBSBL. — Schiller  spar  (diallage  ?),  mica,  serpentine,  beryl,  galenite,  chalcopyrite. 

Salem. — In  a  boulder,  canorinite,  sodalite,  elasolite. 

SAUOna — Porphyry,  jasper. 

Sheffield. — Asbestus,  pyrite,  native  alum,  pyrolusite,  rutile. 

Shelburnb.  —Rutile . 

Shutbsburt  (east  of  Lockers  Pond). — Molybdenite. 

^TTTHAMPTON. — Galenite,  cerussite,  anglesite,  wulfenite^  fluorite,  barite,  pyrite,  ohaloopy- 
dte,  blende,  corneous  lead,  pyromorpbite,  stolxite,  chrysooolla. 

Steblino. — Sjpodumene,  ekiastoUtej  siderite»  aitenopyrite,  blende^  galenite,  ohaloopjrite 
Pfidte,  aterlingite  (damoorite). 
.-^IfephrUe. 
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^fruKBBXT)QR,—'Oraphite^  garnet,  apatite,  bog  ore. 

8WAMP8COT.— Ort^d,  feldspar. 

Taunton  (one  mile  sontih). — ^Paracolnmbite  (titanio  iron). 

Turner's  F^vlls  (Conn.  River).— Ghalcopyrite,  prehnite,  chlorite,  chkftJfhaiU^  siderite 
malachite,  magnetic  iron  sand,  anthracite. 

Tyringham. — Pyroxene,  Bcapolite. 

TJXBRIDOB.  — Galenite. 

Warwick.— i/aMivtf  garnet^  radiated  black  tourmaline^  magnetite^  beryl,  epidote. 

Washington.— Oraiphite. 

Wbstfield. — Schiller  spar  (dinllage),  serpentine,  steatite,  cyanite,  scapolite,  actinolitc 

Westpord. — Andalusite  I 

West  Hampton. — Galenite,  argentine,  pseudomarphaus  guartg. 

West  Springfield. — Pre/mite,  ankerite,  satin  spar,  celestite,  bitominons  coaL 

West  Stockbridge. — Hematite,  fibrous  pyrolusite,  siderite. 

WnATELY. — Native  copper,  galenite. 

Williamsburg.  — Zointe^  pseadomorphons  quarts,  apatite,  rose  and  smoky  quartz,  galesile 
pyrolusite,  chalcopyrite. 

Williamstown.— CVyjft.  qttartt, 

Windsor. — Zoisite^  actinolite,  rutHe/ 

Worcester. — Arsenopyrite,  idocrase,  pyroxene,  garnet,  amianthus,  buoholsite,  nderitOi 
galenite. 

Worthington. — OifarUU. 

ZoAR.— Bitter  spar,  tale, 

RHODE  ISLAND. 

Bristol.  — Amethyst, 

GovENTBT. — Mica,  tourmaline. 

Cranston.  —Actinolite  in  talo,  graphite,  cyanite,  mica,  melanterite,  bog  iron. 

Cumberland. — Manganese,  epidote^  actinoUte,  garnet,  titaniferons  iron,  magnetite,  red 
hematite,  chalcopyrite,  bomito,  malachite,  azurite,  oolcite,  apatite,  feldspar,  soisite,  mioa, 
quarts  cryBtaU,  ilyaite. 

Diamond  Hill. — Quarts  crystals,  hematite. 

Foster. — Gynnite,  hematite. 

Gloucester.  — Magnetite  in  chlorite  slate,  feldspar. 

JoiiNSTON. — Talc,  brown  spar,  oalcite,  garnet,  epidote,  pyrite,  hematite,  magnetite,  dhal- 
eopyrite,  malachite,  azurite. 

Limb  Rock. — Calcite  crystals,  quartz  pyrite. 

Lincoln. — Calcite  dolomite. 

Natic. — See  Warwick. 

Newport. — Serpentine,  quartz  crystals. 

Portsmouth. — Anthracite^  graphite,  asbestus,  pyrite,  chalcopyrite. 

Smithfield. — Dolomite,  ealoite^  bitter  spar,  siderite,  nacrite,  serpentine  (bowenite),  tremA* 
lite,  asbestus,  quarts,  magnetic  iron  in  chlorite  slate,  tale  I  octahedrite,  feldspar,  beryl. 

Valley  Falls.— Graphite,  j^rite,  hematite. 

Warwick  (Natic  idllage). — Mawnite,  garnet,  graphite,  bog  iron  ore. 

Wbstebly  . — Henaocanite  • 

Woonsockbt.  —Oyanite. 

OOl^KBCTlOUT. 

f . 
•  % 

Berlin. — Barite,  datolite,  blende,  quartz  crystals* 

Bolton. — Staurolite,  ohaloopyrite. 

Bradleytille  (Litchfield). — Laumontite. 

'RuivToi^.-^Cfialdodte!  ehatoopyrite,  barite,  bornite,  talc,  aUophane,  pyfOtttorpliite,  Mldiid^ 
malachite,  galenite,  quartz. 

Bbookfield. — Galenite,  calamine,  blende,  spodumene,  pyrrhotite. 

Canaan. — TremdUe  and  white  augitsl  in  dolomite,  oanaanite  (massive  pyrolene). 

Chatham. — ^Arsenopyrite,  amaltite,  dhloanthite  (ehathamite),  soorodite,  niooolite,  ber^^ 
erythrite. 

CmcsHiBB.— J9larie«,  ehakooUe^  bomiu  erytt,  motofiUle,  kMUn,  ii«trclite,  piehnUi, 
dte,  datolite. 

OBxn^n.—SHUmanite/  lixooQ,  epSdole. 
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OoBNWALL.  —  OraphitSf  pprocDene^  itetinolite,  splieney  scapoUte. 

DANifUUT. — DanburiU,  oligoclase,  mooMtone,  brown  tourmaline,   ortiioulaBe, 
IMirathorite. 

Fab&iington. — Prehnite^  chabaziU^  agate,  native  oopper ;  in  trap,  diabanUU, 

Graniiy. — Green  malachite. 

Greenwich. — BUick  tottrmaline. 

Haddam. — Ghrysoheryl  !  beryl!  epidote!  tourmaline!  fddtpar^  garnet!  ioUte!  otigjd&se, 
ehlorophyllUfi !  automi)lite^  magnetite^  adultria^  apatite,  cdumbite!  (hennannolite),  sirooa 
(cal3'ptoIitc),  mica^  pyrite,  marcasite,  molybdenite^  allanite,  bismuth,  bismuth  ochre,  biniA- 
tite. 

Had  LYME. — Chabazite  and  stilbite  in  gneiss,  with  epidote  and  garnet. 

Hartford. — DaUdite  (Rocky  Hill  quarry). 

Kent. — Brown  iron  (»•«,  pyrolusite,  ochrey  iron  ore. 

LiTcnpiELD. — Cyanite  with  corundum,  apatite,  and  andalusite,  tnenaccanite  (washingtoa* 
He),  ohalcopyrite,  diospore,  niccoliferous  pyrrhotite,  margarodite. 

Ltme. — Garnet,  suustone. 

Meriden.  — Diitolite. 

MiDDLEFiKLD  Fall8.  —  Dutolite,  chlorito,  etc.,  in  amygdaloid. 

Middletown. — MiM,  l^piiU)iit^  with,  green  and  red  tourmaline,  albite^  fddspar^  eohanbiUJ 
prehnite,  gamH  (.-itometimcs  octahedral),  beryl,  topaz,  uranite,  apatite,  pitchblende :  at  laftJ 
mine,  galtmifr^  chnkopyrite^  blende,  quartz,  cttlcite^  lluorite,  pyrite,  sometimes  capillaxy. 

MiLFORD. — Sablitc,  pyroxene^  asbentus^  zoisitc,  verd-antique,  marble,  pyrite. 

New  Haa'EN. — Serpentine,  asbestus,  chromic  iron,  sahlite,  stilbite,  prehnite,  ohalMudit. 
gmelinite,  u(.uphyUite.  topozalite. 

Newtown  — Cyttniff.,  diospore,  rvtile,  damourite,  cinnabar. 

Norwich. — Silli/nfuutr^  monazite!  zircon,  iolite^  comudum,  feldspar. 

Oxford,  in)ar  Humphreys ville. — Cyanite,  chalcopyrite. 

Plymouth.— Galonitc,  /uiiOmdit^.,  fluorite,  e/throj/hyUite !  garnet 

BeaDINQ  (near  the  line  of  Danbury). — Pyroxene,  garnet, 

BOARINO  JinooK  (Cheshire).— DafMe  /  calcite,  prehnite,  saponite. 

BOZBURY. — ISidc.rlti-^  bknde,  pyrite!  !  galenite^  quartz,  chalcopyrite,  arsenopyrite,  UnoB- 
W. 

Salisbury. — Brown  iron  ore.,  ochrey  iron,  pyrdutdte^  triplite,  turgiU. 

Satbrook. — Molybdenite,  stilbite,  plumbago. 

Seymour. — Native  bismuth,  arsouopyrite,  pyrite. 

StMBBURY. — Co]>pvr  glnnce,  green  malachite. 

SOUTIIBURY. — Rose  quartz,  laumoiitite,  prehnite,  calcite,  barite. 

SoumiNQTON. — Barite.  d.itoliti^  astcriated  quartz  crystals. 

Stafford  — MaRsive  pyrites,  alum,  copperoa. 

Stonington. — Stilbite  and  cluibazite  on  gneiss. 

Tariff  VILLE. — DatoUte. 

Thatch KRSV I LLK  (near  Bridgeport). — Stilbite  on  gneiss,  babingtonite ? 

Tolland. — Siaurolite,  miissive  pyrites. 

Trumbull  and  Monroe. — C/ihropIiane^  topaz,  beryl,  dlaspore,  pyrrhotite,  pyrite,  nlooo- 
lite,  scheelite,  xrolframite  (psendomorph  of  scheelite),  rutile,  native  bismuth,  tungstio  add, 
siderite,  miBpickel,  argeutiforous  galenite,  blende,  scapolite,  tourmaUne^  garnet^  alblle, 
■ngite,  cnraphic  tellurium  (V),  margarodite. 

Washington. — Tnjiite,  menaccanite!  (woshing^onite  of  Shepard),  rhodoohroeite.  Detro 
lite.  andaluHite  (New  Preston),  cyanite. 

Watertown,  near  the  Naugatuck. — White  sahlite,  monadte. 

West  Farms.— Asbestus. 

WiLLiMANTic. — Topaz,  monotite,  ripidoLite. 

Winchester  and  Wilton. — Asbestus,  garnet 


NEW  YORK, 

ALBANY  CO.—Brthlehem.— Calcite,  stalactitie,  stalagmite,  oalcareouji  dnter,  nM»| 
gypsum. 

GoEYMAN*8  Landing.  — Oypsum,  epsom  salt,  qitarfu  crystals  at  Crystal  Hfll,  three  mOH 
Kmth  of  Albany. 

GuiLDRRLAND. — Petroleum,  anthracite,  and  oolcite,  on  the  banks  of  the  NonuB*em. 
two  miles  south  of  Albany. 

Watbqtlixt. — QuartM  crystals^  yellow  drusj  quacti. 
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iLLEGHANT  CO. — Coba. — Calcareous  tuta,  petroleum,  8i  mfles  from  the  TOkg«. 

CATTARAUGUS  CO.— Fbeedoic —PWrofeum. 

CATUOA  CO.— Auburn.— Celestite,  calcite,  fluorspar,  epsomite. 

Cayuga  Lake. — Sulphur. 

LuDLowviLLE. — Epbomito. 

Union  Si'm:iGS.—8denite,  gypsum. 

SFRiNoroRT. — At  Thompsou's  plaster  beds,  sulphur/  seieniU, 

Si'uiNOViLLE. — NitrogeiA  springs. 

CLINTON  CO.— Arnold  Iron  Mine. — Magnetite^  epldote,  molybdenite. 
FiN^u  OuB  Bed. — CcUdtey  green  and  purple  fluor. 

CHATAUQUE  CO.— Fredonia. — Petroleum^  earbureUed  hydrogefi. 
Laona. — Petroleum. 
Sheridan.  — Alum. 

COLUMBIA  CO.— Aubterlitz.— iSSartfty  manganese^  wulfenite,  ohalcocite ;  LiTingafeoB 
lead  mine,  vitreous  silver  ? 

Chatham. —Quartz,  pyrite  in  cubic  dystals  in  slate  (Hillsdale). 

Canaan. — Choloocite,  chaloopyrite. 

Hudson.  — Epidote,  selenite  I 

New  Lebanon. — Nitrogen  springs,  graphite,  anthracite  ;  at  the  Aucram  lead  mine,  galen* 
ite,  barlto,  bUrule^  louifenUe  (rare),  chalcopyrite,  calcareous  tufa ;  near  the  city  of  Hudson, 
epsom  salt,  brown  spar,  wad. 

DUTCHESS  CO.— Amenia.— Dolomite,  Umonite,  turgite, 
Beckman.  — DolcjmiU. 

Dover. — Dolomite,  tremolite,  garnet  (Fors  ore  bed),  staurolite.  Uinonite, 
FisiiKiLi.. — Dolomite;  near  Peckville,  talc,  asbestus,  graphite^  hornblende^  angite,  atfUn^- 
lite^  hydrous  anthophyllite,  Umonite. 

North  East. — Ohalcocite,  chalcopyrite,  galenite,  blende. 
Pawling.  — Dolomite. 

BniNEBbXK. — Calcite,  green  feldspar,  epidote,  tourmaline. 
Union  Vale. — At  the  Clove  mine,  gibbsite,  Umonite. 

ESSEX  CO.— Alexandria. — Kirby^s  graphite  mine,  graphite^  pyroxene^  ecapoUte^  sphene. 

Crown  Point. — ApatUe  (eupyrchroite  of  Emmoris)^  brouon  tourmaline/  in  the  apatite, 
chlorite,  quartz  crystals,  pink  and  blue  calcite,  pyrite ;  a  short  distance  south  of  J.  0.  Ham* 
mond^K  house,  garnet,  ecaptMUy  chalcopyrite,  aventurine  fddspar^  zircon,  magaetieiron  (Peru), 
epidote,  mica. 

K  i£  KN  E . — Scapoli  te. 

Lkwis. — Tabular  ispar^  eolophonite,  garnet,  labradorite,  hornblende,  actinolite;  ten  miles 
south  of  the  villajj^e  of  KeesevUle,  mispickel. 

Long  Pond. —Apatite,  garnet,  pyroxene,  idocrase,  eoecoUte/  /  seapolUe,  magnetite,  blue 
calcite. 

McIntyre. — Labradorite,  garnet,  magnetite. 

MoRiAU,  at  Saodford  Ore  Bed. — Magnetite^  apatite,  attanite/  lanthanite,  actinolite,  and 
feldspar ;  at  FLsher  Ore  Bed,  mfignetic  iron,  feldspar,  quartz ;  at  Hall  Ore  Bed,  or  **New  On 
Bed,^*  magnetite^  zircons;  on  Mill  brook,  calcite,  pyroxene,  hornblende,  albite;  in  the  town 
of  Moriah,  magnetite,  bUick  mica  ;  Barton  Hill  Ore  Bed,  albite. 

Newcomb. — Lfibradorite,  feldspar,  magnetite,  hypersthene. 

Port  Henry. — Brown  tourmaline,  mica,  rose  quartz,  «erpentine,  green  and  blaek  pyroxene, 
hornblende,  cryH.  pgrite,  graphite,  wollostonite,  pyrrhotite,  adularia;  p/Uogopite/  atCheerei 
Ore  Bed,  with  magnetite  and  serpentine. 

Booer'8  Hock.  — Graphite,  woUastonite,  garnet,  eolophonite,  feldapar,  adnlaxiokf  pyr&aene, 
eplienc,  ixiccolite. 

ScHROON. —  Calcite,  pyroxene,  e/iondrodite. 

TicoNDEROGA. — Grup/Ute/  pyroxene,  eahlite,  sp/iene,  black  tourmaline,  cacoxenet  (Ml 
Defiance). 

WESTroRT. — Labiudorite,  prehnite,  magnetite. 

WiLL8BORo\ —  WoUaetonOe,  eolophonite,  garnet,  green  eoecottte^  hombtoade. 

BaiE  CO.— Ellicott'8  UiLLB.—Caleare9u$  t^flu. 
31 
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FRANKLIN  00.—  Ohatbauoat.— Nitrogen  springa,  oalcareooB  Uihm, 
Malokb. — Mcuuiw  pyrite^  magnetite. 

GENESEE  CO. — Acid  springs  oontaioing  sulphoric  acid. 

GREENE  CO.— Catskill.— Ctfte/e^. 
Diamond  Hill. — Quartz  crystals. 

HERKIMER  CO.^F AiMFiKhJ).- -Quartz  crystals,  fetid  barite. 
Little  Falls. — Quartz  crystals  f  Imrite,  calcite,  anthracite,  pearl  spar,  smoky 
line  mile  south  of  Little  Falls,  calcite.  brown  spar,  feldspar. 
Hiddlevilt  e. — Quartz  crystals  !  r.aleU6j  brown  and  pearl  spar,  anthracite. 
Newport. — Quartz  crystals, 

Salisbukt. — Quarts  crystals  /  blende,  galenite,  pyrite,  chaloopyrite. 
Stabk. — Fibrous  celestite,  gypsum. 

HAMILTON  CO.— LoMO  Lake.— Blue  calcite. 

JEFl'ERSON  CO.— Adams.— Fluor,  calc  tufa,  barite. 

Ai«rxanduia. — On  the  S.E.  bank  of  Muscolouge  Lake,  fluorite,  pJUogopite,  ckaloopjritti, 
apatifie ;  on  High  Islaud,  in  the  St.  Lawrence  River,  feldspar,  tourmalins,  hornblende,  orthth 
dose,  celestite. 

Antwerp. — Stirling  iron  mine,  hematite,  c/ialcodUSy  siderite,  miUerite,  red  hematite,  dya 
tallized  quartz,  yelloip  aragonite,  niccoliferous  pyrite,  quartz  crystals,  pyrite ;  at  Oxbow«  m- 
die!  porous  coralloidal  heavy  spar;  near  Vrooman's  lake,  calcite!  Y^^xivisLSii^^y  phlogopUe ! 
pyroxene^  sphene,  tluorite,  pyrite,  cbalcopyrite  ;  slIbo  feldspar,  bog-iron  ore,  scapolite  (farm  oJ 
Ihivid  Eggleson),  serpentine,  tourmaline  (yellow,  rare). 

Brownsville. — Celestite  in  slender  crystals,  culcite  (four  miles  from  Watertown). 

Natural  Bridge. — FfildRpxr,  gi^eckite  /  ste^itite  jxieudotnoi-phous  after  pyroxene^  apatite. 

New  CoNNiccrTCUT. — Sphene,  broun  phlogopite. 

Omar. — Beryl,  feldspar,  hematite. 

PniLADELPiiiA. — Garficts  on  Indian  river,  in  the  village. 

Pamelia. — Agaric  mineral,  calc  tufa. 

PiERREPONT. — Tourmaline,  spbene,  scapolite,  hornblende. 

Pillar  Point. — Massice  barite  (exhausted). 

Theresa. — Fluorite,  calcite,  hematite,  hornblende,  quartz  crystals,  serpentine  (associated 
with  hematite),  celeRtite,  stroutianite  ;  the  Muscolonge  Lake  locaUty  of  flaoris  exhausted. 

Watertown. — 2'remolite,  agaric  mineral,  calc  tufa,  celestite. 

WiLNA. — One  mile  north  of  Natural  Brid«;e,  calcite. 

LEWIS  CO. — Diana  (localities  mostly  near  junction  of  crystalline  and  sedimentary  rocks, 
and  within  two  miles  of  Natural  Bridge). — SoapoUte!  wollastonite,  green  coc^oUte,  feldspar, 
tremoUte,  pyroxene  !  spheneJ  !  mica,  quartz  crystals,  drusy  quartz,  cryst.  pyrite,  pyrrhotite, 
hlue  calcite,  serpentine,  rcnssdaerite,  zircon,  graphite,  chlorite,  hematite,  bog-iion  ore,  izoL 
sand,  apaiite. 

Greio.  — Magnetite,  pyrite . 

LowYiLLE. — Calcite,  fluorite,  pyrite,  galenite,  blende,  calc  tufa. 

MARTiNeffiURGiL — Wad,  galenite,  etc.,  but  mine  not  now  opened,  calcite, 

Watson,  Bremen.— Bog-iron  ore, 

MONROE  CO.— Rochester. — Pearl  spar,  calcite,  snowy  gypsum,  fluor,  celestite^  gatoniU^ 
blende,  barite,  homstone. 

MONTGOMERY  CO.— Can ajohabie. —Anthracite. 

Palatine. — Quartz  crystals,  drusy  quartz,  anthracite,  homstone,  agate,  garnet. 

Root. — Drutty  quarts,  blende,  barite,  stalactite,  stalagmite,  galenite.  pyrite. 

NEW  YORK  CO. — Corlear^s  Hook. — Apatite,  brown  and  yellow  feldspar,  sphene. 

KiNOSBRiDGE. — TremoUtc,  pyroosene,  mica,  tourmaline,  pyrites,  rutilo.  dolomite. 

Harlem. — Epidote,  apophyllite,  stilbite,  tourmaline,  vivianito,  lamellar  feldspar,  mica. 

New  York. — Serpentine,  amianthus,  aotinolite,  pyroxene^  hydrous  aMthophyUito,  gwnMti 
■taarolite,  molybdenite,  graphite,  chlorite,  jasper,  necronite,  feMspar.  In  the  exoayationa  ta 
the  4th  Avenue  tunnel,  1875,  harmotome,  stilbite,  ohabasite,  houlandite,  etc. 
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LocKPOKT. — Cdestite,  ealeite^  sdenite,  anJiydrUe,  fluoriU^  dolomite.  5{«Mli. 

NfAOABA  Fall& — Calcite,  fluorite,  blende,  dolomite, 

ONEIDA  CO. — BooNViLLE.— CVifctY^.  wodastonite,  eoecdite. 

Clinton. — BUfuie,  lenticulir  argiUnceous  iron  ore;  in  rooks  of  the  Olinton  Oroap.  itzonti 
anite,  celeRtite.  the  former  covering  the  latter. 

• 
ONONDAGA  CO.— Camillus.— fiato/itttf  and JMrr^M  gypsum. 
Cold  SruiNO. — Axinite. 
Manlius. —  Qypsum  and  fluor. 
Syracuse. — Serpentine^  celestite,  selenite,  barite. 

ORANGE  CO.— Cornwall. — Zircon,  eJiondrodite,  hornblende^  spinel^  maesive  feldepctr^ 
fbrous  epidffte,  hudnonite,  menaccanite,  serpentine^  coooolite. 

Deer  Park. —  Crynt.  pyrite,  galenite. 

Monroe. — Miai!  vphene!  garnet,  oolophonite,  epidote,  ehondrodite^  alianite,  bacholait6f 
brown  spar,  spinel,  hornblende,  talc,  menaccanite,  pyrrhoUte,  pyrite,  ohromite,  graphite^  ras- 
toljte,  moronolite. 

At  W1LK8  and  O^Netl  Mine  in  Monroe. — ^Aragonite,  magnetite^  dimagnetite  (peend.  ?),  jen- 
kinsite,  asbestus,  serpentine,  mica^  hortonaUte, 

At  Two  Ponds  in  Monroe.  —Pyroxene  !  eJuondrodHey  Jujrnbiende^  seapoUte  I  eiroon^  iphene^ 
apatite. 

At  Greenwood  Furnace  in  Monroe. — ChondroditSy  pyroxene/  mica,  liornblendet  spinel^ 
ieapoUte,  bioUtel  menaccanite. 

At  Forest  of  Dean. — Pyroxene,  spinel,  ziroon,  scapolite,  hornblende. 

Town  op  Warwick,  Warwick  Villaqe. — Spinel /  eireon,  serpentine/  brown  spar,  pyro^ 
ene!  hornblende!  pseudomorphous  steatite,  feldspar /  (Bock  Hill),  menaccanite,  oUntonite^ 
tourmaline  (B.  H. ),  rutUe,  sphene,  molybdenite,  arsenopyrite,  marcasite,  pyrite,  yellow  iioo 
sinter,  quartz,  jasper,  mica,  ooccolite. 

Amitt. — Spinel/  garnet,  sofipolite,  liornblende,  vesuvianite,  epidote/  cHntonite/  magnetite, 
Umrrmiline,  warwickite,  apatite,  ehondrodite,  taie/  pyroxene?  rutile,  menaccanite,  tirwm, 
corundum,  feldspfir,  sphene,  caicite,  serpentine,  schiller  spar  (?),  silvery  mica. 

Eoenville. — ApcUite,  ehondrodite/  hair-broitn /lornblende /  tremolite,  spinel,  tourmattne^ 
toarwickite,  pyroxene,  sphene,  mica,  feldspar,  mispiekel,  orpiment,  rutile,  menaccanite,  sooro- 
dite.  chalcopyrite,  leucopyrite  (or  loUingite),  allanite. 

West  Point. — Feldspar,  mica,  scapolite,  sphene,  hornblende,  allanite. 

PUTNAM  CO.— Brewster,  Tilly  Faster  Iron  Wne,—Ohondrodite  /  (also  humite  and clino- 
humite)  crystals  very  rare,  magnetite,  dolomite,  serpentine  pseudomorp/is,  brueite,  enstatite, 
ripidolite,  biotite,  aotinolite,  apatite,  pyrrhotite.  fluorite,  albite,  epidote,  sphene. 

Carmel  (Brown*  8  quany). — Anthophyllite,  schiller  spar  (?),  orpiment,  arsenopyrite,  epi* 
dote. 

Cold  Spring. — Chabazite,  mica,  sphene,  epidote. 

FATTKuaonf.—  W/iitfi  pyroxene  /  caleite,  asbestus,  tremolite,  dolomite,  massive  pyrite. 

Puillifstown. — Tremolite,  amianthus,  serpentine,  sphene,  diopside,  green  coccdUte^  hom 
Uende,  scapolite,  stilbite,  mioa,  laumontite,  gnrhoflte,  oaloite,  magnetite,  chromite. 

Phillips  Ore  Bed. — Hyalite,  acUnoUte,  massive  pyrite. 

BENSSELAEB  CO.— Hoosic— Nitrogen  springs. 
liANSiNORURon.  — Epsomite.  quarts  crystals,  pyrite. 
Troy. — (^itartz  crystals,  pyrite,  selenite. 

BICHMOND  CO.— B088VILLB.— Lignite,  eryst  pyrite. 

QxjAnAHTtJXB.— Asbestus,   amianthus,  aragonite,  dt^amite,  gurhoJUe,  bmcitCy  ■eiiWiUnt 

Me,  magnesite. 

ROCKLAND  CO.— Caldwell.— Cointo. 

Obasst  Point.— Serpentine,  actinolite. 

Havbrstraw. — Hornblende,  barite. 

Ladentown. — Ziroon,  malachite,  cnprite. 

PnsBMONT.— Datolito,  stilbite,  apophyllito,  stelUte,  prehnito,  thomsonito,  oaloito,  dialMiili 

Stont  Point. — Ceiolite,  lamellar  hornblende,  asbMtiui. 
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ST.  LAWBENGE  OO.-^ASTOS.—Mdsnve  pyrite,  ealaUs^  brown  toarmaline,  tpfiene^  Mr- 
p€fUin$^  talo,  rensseiaeritej  pyroxene,  hematite,  ohalcopyrite. 

Dekalb. — Hornblende^  baxite,  fltiorite^  tremoUte^  taunnaiine^  blende,  graphite,  pTroxane, 
quarts  (spongy),  serpentine. 

EDWAiiDa. — Broionand sUoer*/  mica!  scapolite,  apatite,  quarU  erystaU,  actinoUte,  treno^ 
Utel  hematite,  serpentine,  magnetite. 

Fine. — Black  mica,  hornblende. 

Fowler. — BariU,  quartz  crystals!  hematite,  blende^  galenite,  tremolite,  chaloedooy,  bog 
ore,  satin  spar  (assoc.  with  serpentine),  pyrite,  chalcopyrife,  actinolite,  renesdaerite  (iioai 
Bomerville). 

GoxPTEHSKVEL-^Calcite!  serpentine!  hornblende!  scapoUte!  ort/ioelase,  tourmaUne/  ido- 
orase  (one  mile  sonth  of  0.),  pyroxene,  malacolite,  apatite,  rensselaerite,  serpentine,  sphene^ 
flnorite,  borite  (farm  of  Judge  Dodge),  black  mtca^  phlogopite,  tremoUte  !  asbestua,  hematite, 
graphite,  yesnvianite  (near  Somerviile  in  serpentine),  spinel^  houghite,  soapolite,  phlogopiU, 
dolomite  ;  three-quarters  of  a  mile  west  of  Somerviile,  chundvodite^  spinel ;  two  miles  north 
of  Somerviile,  ajmtite,  pyrite,  broun  tourinaUne!  ! 

Hammond. — Apatite!  zircon!  (farm  of  Mr.  Hardy),  (^r^Aotfta^tf  (loxocase),  pargcuite,  barito, 
pyrite,  purple  lluorite,  dolomite. 

Hekmon. — Quartz  crystals,  hematite,  siderite,  pargaaite,  pyroxene,  serpentine,  toomiA- 
Une,  bog-iron  ore. 

JIacomu.— Blende,  mica,  galenite  (on  land  of  James  Averil),  sphene. 

Mineral  Point,  Morristown. — Fluorite,  blende,  galenite,  phlogojdte  (Pope^s  Hills),  barite 

Ogdensburo.  — Labradorite. 

PiTCAiRN. — Satin  spar,  associated  with  serpentine. 

Potsdam. — Iloniblfjide !— eight  miles  from  Potsdam,  on  road  to  Pierrepont,  fddapar^ 
Omrmaline,  black  mica^  hornblende. 

l{o»9iE  (Iron  Mines). — Barite,  hematite,  coralloidal  aragonite  in  mines  near  SomerrOte, 
limonite,  quartz  (sometimes  stalactitio  at  Parish  iron  mine),  pyrite,  peari  spar. 

BossiE  Lead  Mine. — Cttlcite!  galenite!  pyrite^  ceUstUe,  chalcopyrite,  hematite,  oeruBsits, 
anglesite,  ocUtliedral  fluor^  black  phlogopite. 

Elsewhere  in  Rossi E. — Galcite,  barite,  quartz  crystals,  chondrodite  (near  Yellow  Lake), 
feldapar!  pargaMte!  apatite^  pyroxene,  hornblende,  sphene,  zircon,  mica,  fluorite,  serpen- 
tine, automolite,  pearl  spar,  graphite. 

RussEL. — Pargatfite^  specular  iron,  quartz  (dodec.),  caldte,  serpentine,  rensselaerileb 
magnetite. 

SARATOGA  CO.— Greenfield.— C//7:y«o*ery/.-'  gaiiiet!  tourmaline!  miea^  feUUpmr^ 
apatite,  graphite,  aragonite  (in  iron  mines). 

SCHOHARIE  CO.— Ball's  Cave,  and  others. —Calcite,  stalactites. 

Carlisle. — Fibrous  barite,  cryst.  and  fib.  caldte, 

MiDDLKBURY. — Anthracite,  calcite. 

Sharon. — Calcareous  tufa. 

Schoharie. — Fibroas  celestite,  strontianite!  cryst.  pyrite! 

SENECA  CO. — Canooa. — Nitrogen  springs. 

SULLIVAN  CO.— \\VBTZBORO\— Galenite,  blende,  pyrite,  ehakopyrite. 

TOMPKINS  CO  —Ithaca.— Calcareous  tufa. 

ULSTER  CO.— Ellen viLLE.—0^a/«/zt^,  blende,  dialccpyrite !  qve^rtz^  brookUtL 
Mabbletown. — Pyrite. 

WARREN  CO.—CALvyrKLL.—Mamvcfddspar. 

Chester. — Pyrite,  tourmaline,  rutile,  chalcopyrite. 

Diamond  Isle  (Lake  George). — Galdle,  quartz  crystcUs. 

Glenn's  Falls.— Rhomb  spar. 

JoHNSBURQ. — Fluorite!  zircon!  !  graphite,  serpentine,  pyrite, 

WASHINGTON  CO.— Fort  Anv.— Graphite,  .serpentine. 
Granville. — Lamellar  pyroxene,  massive  feldspar,  epidol6» 

« 

WAYNE  CO.— Wolcott.— Barite. 
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WIJiSTCHESTFR  CO.— Aitthokt*8  HfosE.-^Apatite,  pyrite,  ealdfef  in  yeiy  larg«  teboltf 
orystalR,  grouped,  aiid  sometimes  inorosted  with  dmsy  quartz. 

Davenport's  Neck. — SetperUiiie,  garnet,  sphene. 

EASTcnRSTEii.—  Blende,  pyrite,  ch^copyrite,  dolomite. 

Hahtimgs.  —  TrcnuiUte,  white  pyroxene. 

New  Rociiklle. — Serpehtine,  bmcite,  quaitz,  mica,  tremolite,  garnet,  magneute. 

Peekbkill.— Mica,  feldspar,  hornblende,  stilbite,  Bphene ;  three  miles  south,  emery. 

Rtb. — JSerpentine,  chlorite,  titick  tourmaUiie^  tremolke. 

SmosiNG. — Pyroxene,  tremoUte,  pi/rite^  beryl,  azurite,  gpreen  malachite,  cemssite,  pyromoi 
phite,  anglesite.  vauquelinite,  gaJenite,  native  silver,  chalcopyrite. 

West  Farms. — Apatite,  tremolite,  garnet,  stilbite,  heulandite,  chabazite,  epidote,  aphai* 

Tonkers  — TremoUie,  apatite,  calcite,  analcite,  pyrite,  tourmaline. 

YoRKTOWM. — iyUUmanite^  numazile,  magnetite. 

NEW  JERSEY. 

Andoyer  Iron  Mine  (Sussex  Co.). — ^Willemite,  brown  garnet. 

Allen  TOWN  (Monmouth  Co.). —  Vivianite,  dufrenite, 

Belville. — Copper  mines.  , 

Berqen. — Calcite/  datolitef  pecUdite  (called  stellite) !  an^ilcite,  npophyllite/  gmeliniUj 
prehnite,  gphene,  stilbite,  natrolite,  heulandite,  lanmontite,  ch/tbazite,  pyrite,  pseudomorphoiu 
steatite,  imitative  of  apopbyllite,  diabantite. 

Brunswick. — Copj)er  mines;  native  capper,  malachite,  mountain  leather, 

Br  yam. — Chondrodite,  spinel,  at  Boseville,  epidote. 

Cant  well' 8  Bridge  (Newcastle  Co.),  three  miles  west  — -Vivianite. 

Danville  (Jemmy  Jump  Ridge). — (Graphite,  chondrodite,  angite,  mica. 

Flem iNOTON. — Copper  mines. 

Frankfort.  — Serpentine, 

Franklin  and  Sterlino. — Spinel!  garnet!  rhodonite!  iciUemite!  franklinite!  tineitei 
dyslnite!  hornblende,  tremoUte,  e/iondrodite,  white  scapoUte,  black  tourmaline,  epidote,  pink 
ealdte,  mica,  actinolite,  augite.  sahlite,  coccolite,  asbestus,  jeffersonite  (augite),  calamine, 
graphite,  flaorite,  beryl,  galenite,  serpentine,  honey- colored  sphene,  quartz,  chalcedony 
amethyst,  zircon,  molybdenite,  vivianite,  iephroite,  rhodochrosite,  aragonite,  sussexite,  chal- 
oophanibe,  rcopperite,  calcozincite,  vanuxemite,  gahnite.     Also  algerite  in  gran,  limestone. 

Franklin  and  Warwick  Mts.— i*^^"*^ 

Greenrrook. — Copper  mines. 

Grigostown. — Copper  mines. 

Hambcrqil— One  mile  north,  spinel !  tourmaline,  pMogopite,  JiornUende,  limonite,  hematite. 

HoBOKKN.— Serpentine  (marmolite),  brueite,  nemalite  (or  fibrous  brucite),  aragonite,  dolo- 
mite. 

HuHDSTOWN. — Apatite,  pyrrhotite,  magnetite. 

Imleyto  WN.  — Vivianite. 

Lock  WOOD. — Graphite,  chondrodite,  talc,  atigite,  quartz,  green  spind. 

MoNTViLLE  (Morris  Co.)". — Serpentine,  c/irysotile, 

MULLICA  Hill  (Gloucester  Co.). —  Vivianite  lining  belemnites  and  other  fossils. 

Newton. — Spinel,  blue,  pink,  and  white  corundum,  mica,  vesnvianite,  hornblende^  tmirma 
lint,  scapolite,  rutile,  pyrite,  talc,  calcite,  barite,  pseudomarphous  steatite, 

Paterson. — Datolite. 

Vernon. — Serpentine,  spinel,  hydrotalcite. 

PENNSYLVANIA.^ 
ADAMS  CO.—Getttsburg.— Epidote,  fibrous  and  massive. 

BERKS  CO. — MoRGANTOWN. — At  Jones's  mines,  one  mile  east  of  Moi^gantown,  green 
malachite,  native  copper,  cJirysocoUa.  magnetite,  allophane,  pyrite,  chalcopyrite,  aragonite. 
ftpatite,  talc ;  two  miles  N.E.  from  Jones's  mine,  graphite,  sphene;  at  Steele's  mine,  one 
mile  N.W.  from  St.  Mary's,  Chester  Co.,  magnetite,  micaceous  iron,  coccolite,  brown  gameU 

Reading. — Smoky  quartz  crystals,  zircon,  stilbite,  iron  ore,  near  Pricetown,  zircon,  allan- 
lie,  epidote ;  at  Eckhardt's  Furnace,  allanite  with  sireon  ;  at  Zion's  Church,  molybdenite ; 


^  8oe  also  the  Report  on  the  Mineralogy  of  Pennigrlvania,  by  Dr.  F  A.  Genth,  1878. 
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aear  Kntztown,  In  the  CiyBtal  Gave,  stalactites ;  at  Fritz  Island,  apophpiUte,  thomisonfte, 

litSj  oalcite,  azorite,  malac^Ute,  magnetite,  chalcopyrite,  stibnite,  prochlorite,  precioiiB  Mr 

pentine. 

BUCKS  CO. — BccKiNGiiAM  TowNBniP. — Ciystallized  quartz;  near  New  Hope,  TesaTian 
(te.  epidote,  barite. 

SoUTnAMi»TON. — Near  the  village  of  Feasterville,  in  the  quarry  of  George  Van  Aradala 
graphite,  pyroxene,  sahlite,  coccolite,  sjihene^  green  mica,  calcite,  tcoUdstonite,  glas^  feld 
ftpar  sometimes  opaleKcent.  phlogopite,  6lue  quartz,  garnet,  zircon,  pyrite.  moroxite,  scapolits 

Nbw  Bri"'\tn. — Dolomite,  gaienite,  blende,  malachite. 

CARBON  CO.  —  Summit  Hill,  in  ooal  mines. — KaoUnUe. 
CHESTER  CO. — Avoxdale.— Asbestns,  treraolit«,  garnet,  op«L 

Birmingham  Township. — Amethyst,  smoky  quartz,  serpentine,  beryl ;  in  Ab'm  Darling • 
ton^s  lime  qnarr^'.  calcite. 

East  Bradford. — Near  Buffington's  bridge,  on  the  Brandywine,  green,  blue,  and  gray 
oyanite,  the  gray  cyanite  is  found  loose  in  the  soil,  in  crystals ;  on  the  farms  of  Dr.  Elwyn, 
Mis.  Foulke,  Wm.  Gibbons,  and  Saml.  Entrikin,  amethyst.  At  Strode^s  mill,  asbestua.  mag- 
nesite,  anthophyllite,  epidote,  aquacrepitite,  oligoclase.  drusy  quartz,  cuUyritef  on  Os- 
bome^s  Hill,  tcad^  manganesian  garnet  (massive),  sphene,  schorl ;  at  Caleb  Cope's  lime  qoany, 
fetid  dolomite,  necronitc,  gurnets,  blue  cyanite,  yeUow  actindite  in  talc;  near  the  Black 
Horse  Inn,  indurated  talc,  rutile ;  on  Amor  Davis'  farm,  orthife/  massive,  from  a  grain  to 
lamps  of  one  pound  weight ;  near  the  paper-mill  on  the  Brandywine,  zircon,  associated  with 
titaniferous  iron  in  blue  quartz. 

West  Bradford. — Near  the  village  of  Marshalton.  green  cyanite,  rutile,  scapolite,  pyiite, 
staurolite;  at  the  Chester  County  Poor-house  limestone  quarry,  cfiesterlite !  in  crystals  im- 
planted on  dolomite,  rutile  !  in  brilliant  acicular  cry8tal.«<,  which  are  finely  terminated,  od- 
oitc  in  scalenohedrons,  zoi^ite.  damonrite  f  in  radiated  groups  of  crystals  on  dolomite,  quarts 
crystals  ;  on  Smith  &  McMulUn's  farm,  epidote. 

Ciiarlestown. — Pyromorphite,  ccrusHte,  gaienite,  quartz. 

Coventry.— AUanite,  near  Pughtown. 

South  Covkntry.— In  Chrisman's  limestone  quarry,  near  Coventry  village,  angiUi. 
sphene,  graphite,  zircon  in  iron  ore  (about  half  a  mile  from  the  village). 

East  Fallowfiki.d.  — Soapstoue. 

East  Goshen. — Serpentine,  asbestus,  magnetite  (loadstone),  garnet. 

Elk. — Menaccanite  with  muscovite,  chromite  ;  at  Lewisville,  black  tounnaUne. 

West  Goshen. — On  the  Barrens,  one  mile  north  of  West  Chester,  amianthus,  serpentine, 
cellular  quartz,  jasper,  chalcedony,  drusy  quartz,  chlorite,  marmolite,  indurated  talc,  moQ' 
fusite  in  radiated  crystals  on  serpentine,  hematite,  axhentiis  ;  near  R.  Taylor's  mill,  chromtte 
in  octahedral  crystals,  deiceylite,  radiated  magnesite,  arngonitc,  staurolite,  garnet,  asbestoa, 
epidote;  zoudte  on  hornblende  at  West  Chester  water- works  (not  accetwible  at  present). 

New  G.\hden. — At  Nivin^s  limestone  quarry,  broirn  tourmaline,  necronite,  scapolite,  apa- 
tite, brown  and  green  mica,  rutile,  aragmute,  fibroUte,  kaolinite,  tremolite. 

Kennktt. — Actinolite,  brown  tourmaline,  brown  mica,  ejrniote^  tremolite,  scapolite,  ara» 
gonite  ;  on  Wm.  Cloud's  farm.  A{/n«t(>n<;/  !  chubazite,  sphene.  At  Pearce's  old -mill,  ioisite« 
ejTiidofe,  sunntone  ;  sunstone  occurs  in  good  specimens  at  various  places  in  the  range  of  horn- 
blende rocks  running  through  this  township  from  N  E.  to  S.W. 

Lower  Oxford. — Garnets,  pyrite  in  cubic  crystals. 

London  Grove. — Rutile,  jasper,  chalcedony  (botryoidal),  large  and  rough  qtiartz  ciystals, 
epidott; ;  on  Wm.  Jackson^s  farm,  yellow  and  black  tourmaline,  tremolite^  rutile,  green  mioa, 
apatite,  at  PuRey's  quarry,  rutile,  tremolite. 

East  Maui  borough. — On  the  farm  of  Baily  &>  Brothers,  one  mile  south  of  Unionville, 
bright  yellf/tP  and  nearly  white  tm'.rrndline,  chisterlite,  alhite,  pyrite ;  near  Marlborough  meet- 
ing-house, epidote,  serpentiAe,  acicular  black  tourmaline  in  white  quartz;  nrcon  in  email 
perfect  crystals,  loose  in  the  soil  at  Pnsey^s  saw-mill,  two  miles  S.  W.  of  Uuionville. 

West  Marlborouoh.  —Near  Logan's  quarry,  staurolite.  cyanite,  yellow  tourmaline,  mtUeii 
famets ;  near  Doe  Run  village.  fi€nuUi*e,  scapolite,  trcnudite  ;  in  R.  Baily's  limestone  quany, 
two  and  a  half  miles  S.W.  of  Union ville,  yiZ»/vf/x  tremolite,  cyanite,  sco polite. 

Newlin.— On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  Unionville,  eontndum/ 
massive  and  crj'stallized,  also  in  crystaln  in  al/jUe,  often  in  loose  crystals  covered  with  a  thii 
ooating  of  steatite,  spinel  (black),  talc,  picrolite.  brucite,  green  tourmaline  with  tlat  pyrom 
idal  terminations  in  aibite,  unioniU  (rare)  euphyllUe,  mica  in  hexagonal  cryitala,  fkdnpaM 
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h0rfll  in  hexagonal  eiTstalR,  one  of  which  weighs  51  Ihs.,  pyrite  in  ci'bic  ciystalSf  chromic 
iron,  dmsy  qnartz,  green  qnartz,  actinolite,  emeryUte^  chloritoid,  diallage,  digodase;  on 
Johnson  Patterson's  farm,  massive  eorundtim^  titoniferons  iron,  cUuoefilore^  emeryUte^ 
sometimes  colored  green  by  chrome,  albite,  arthodcme^  halloysite,  margarite,  garnets,  beryl; 
on  J.  Lesley's  farm,  c^rrundum,  crystallized  and  in  massive  Inmps,  one  of  which  weighed 
5,200  lbs.,  (iianpore !  I  emeryUte!  euphyllite  cryaiaUized!  green  tourmaline,  transparent 
cr/stals  in  the  eup/n/UUe,  orthoclase;  two  miles  N.  of  Unionville,  magnetite  in  octahedral 
nr>'stals ;  one  mile  E.  of  Unionville,  hematite ;  in  Edwards's  old  limestone  quarry,  purple 
Hiiorite,  mtile. 

East  Nottingilaji. — Sand  cJirome^  nabesttu.  c?iramite  in  octahedral  crystals,  hallite,  beiyl. 

West  Nottingham. — At  Scott's  chrome  mine,  e/ircmite^  foliated  tale,  marmoUte,  serpen 
tine,  chalcedony,  rhodochrome;  near  Moro  Phillip's  chrome  mine,  oabeMue  ;  at  the  magnesia 
quany,  detceyiite^  mormolite,  magnesite,  leelite,  serpentine,  sand  chrome;  near  FremonI 
P.O.,  comndom. 

East  Pike  land. —Iron  ore. 

West  Pikeland. — In  the  iron  mines  near  Chester  Springs,  giltbeite,  zircon^  turgiU,  ktma- 
tite  (stalactitical  and  in  geodes),  gothite. 

Penn. — Garnets,  agalmatolite. 

Pennsburt. — On  John  Craig*s  farm,  brown  garnets,  mica;  on  J.'  Dilworth^s  farm,  near 
Fairviile,  mvscovite!  in  hexagonal  prisnis  from  one-quarter  to  seven  inches  in  diameter  ;  in 
the  village  of  Fairviile,  aunetons  ;  near  Brinton^s  ford,  on  the  Brandywine,  ehondrodite,  «phen6t 
diopside,  augite,  coccolite ;  at  Mendenhall's  old  limestone  quarry,  fetid  quartz^  sunstone ;  at 
Swain*  s  quany,  ciyBtols  of  orthoclase. 

POCOPSON. — On  the  farms  of  John  Entrikin  and  Jos.  B.  Darlington,  amethyU. 

Sadsbury. — Rutile!  I  splendid  geniculated  crystals  are  found  loose  in  the  soil  for  seven 
miles  along  the  valley,  and  particularly  near  the  village  of  Parkesburg,  where  they  sometimei 
occur  weighing  one  pound,  doubly  geniculated  and  of  a  deep  red  color ;  near  Sadsbury  village, 
amethyst,  tourmaline,  epidote,  miUc  quartz. 

Schuylkill. — In  the  railroad  tunnel  at  Pikenixtille,  dolomite!  sometimes  coated  with 
pyrite,  quartz  cr^-stals,  yellow  blende,  biX>okite,  calcite  in  hexagonal  crystalH  enclosing /)jyr»^/ 
at  the  Wheatlby,  Bbookdalr,  and  CnESTER  County  lead  mines,  one  and  a  half  mile 
S.  of  Phcenixville,  pyjomorphite!  cerussite/  galtnite,  angletdtel !  quart  a  crystala,  chalcopy* 
rite,  barite,  fluorite  (white).  stoUite,  wulfenitef  calamine,  vanadinite,  hlende/  mimetiteJ 
descloizite,  guthite,  chrysocoUa,  native  copper,  malachite,  azurite,  limoni^,  calcite^  eulphur^ 
pyrite,  melaconite,  pseudomalachite,  gersdorffite,  chalcocite  ?  covelUte. 

TnoRNBURY. — On  Joe.  H.  Brinton's  farm,  mtMO^&i^d  containing  aoicular  crystals  of  tonr- 
maline,  rutile,  titaniferous  iron. 

Trbdyffrin. — Pyrite  in  cubic  crystals  loose  in  the  soiL 

UwcHLAN. — ^Mossive  Hue  quartz,  graphite. 

W ARRRS. ^Afelanite,  feldspar. 

West  Ooshen  (one  mile  from  West  Chester). — Chromite. 

WiLLiSTOWN. — Magnetite,  c/iromite,  actinoiite,  asbestus. 

WE8T-To^VN.— On  the  serpentine  rocks,  3  miles  S.  of  West  Chester,  clinocJdoi'e  /  jeferitU&f 
mica,  asbestus,  actinoiite,  magnesite,  talc,  titaniferous  iron,  magnetite  and  massive  tourma- 
line. 

East  Whiteland.  — Pyrite,  in  very  perfect  cubic  crystals,  is  found  on  nearly  every  farm 
i'l  this  township,  quartz  crystals  found  loose  in  the  soiL 

West  Whiteland.— At  Cen.  Trimble's  iron  mine  (south-east),  ttalactitic  hematite! 
u)avdlite!  !  in  radiated  stalactites,  g^bbsite,  coeruleolactile. 

Warwick. — At  the  Elizabeth  mine  and  Keim^a  old  iron  mine  adjoining,  one  mile  N.  of 
KnauertowQ,  aplome  garnet!  in  brilliant  dodecahedrons,  JloMfen'i,  pyroxene,  micaceous  hema^ 
tite,  pyrite  in  bright  octahedral  cryHtals  in  calcite,  chiysocoUa,  cbalcopyrite  massive  and  in 
BingJe  tetrahedral  crystals,  jnagnetite.  faseieular  hornblende!  bomite,  malachite,  brown  gameL 
calcite,  byssolite !  serpentine ;  near  the  village  of  St.  Mary^s,  magnetite  in  dodecahedral 
crystals,  melanite,  garnet,  actinoiite  in  small  radiated  noduleci ;  at  the  Hopewell  iron  mine^ 
one  mDe  N.W.  of  St.  Mary's,  magnetite  in  octahedral  crystals. 

COLUMBIA  CO.— At  Webb's  mine*  yellow  blende  in  calcite ;  near  Bloomburg,  cryst.  maf 
astite. 

DAUPHIN  CO.— Near  Hummerstown.— Green  garnets,  cryst.  9moky  quartz,  telslspnt, 

DELAWABE  CO. — Aston  Townshif. —  AmethyH,  corundum,  emerylitc,  staorolite,  Jl6r^ 
Ui€y  black  tourmAline,  margaiite,  zunetone,  azbestuz,  anthophyllite,  steatite*  naar  Ttmni^ 
miU,  ganet,  staurolite ;  at  Petor^s  mill* dam  in  the  creek,  pifrope  gamei. 
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BrSMiNQTiAU.—Fibrolite^  kadUn  (abundant),  crystals  of  rutile,  amethyst;  at  Bnlloek**  M 
quarry,  zircon,  buehdlnte,  nacrite,  yellow  crystallized  qnartz,  fddapar. 

BCiUE  Hill. — Green  qnoitz  ciystals,  spinel 

Ohkbter. — AmethynU  bUick  tourmaline^  beryl,  crystaU  of  feldspar,  garnet,  czyst.  pjite, 
molybdenite,  molybdile,  chalcopyrite,  kaolin,  nraninite,  mueeonte,  orthoclase,  bismatite. 

GHlcnESTKR. — Near  Trainer's  milldam,  beryl,  toormaline,  crystals  of  feldspar,  katilm;  on 
Wm.  Eyre^s  farm,  tounnaline. 

Concord. — Crystals  of  mica,  crystals  of  fddf/par^  kaolin  abundant,  drusy  quartz  of  a  bliif 
and  green  color,  mt^erschaum,  stellated  trtmolite,  some  of  the  rays  6i  in.  diameter,  autho 
pftylUte,  fibrolite,  acicular  crystals  of  inUile,  pyrope  in  quartz,  amethyst,  actinolite,  manffan& 
sian  garnet,  beryl ;  in  Green's  creek,  pyrope  garnet. 

Darbt. — Blue  and  gray  cyanite,  garnet,  staurolite,  zoisite,  quartz,  beiyl,  Ghlorite^  mifltt, 
limonite. 

'EDQKUo:xT.^Amet?iy»t,  oxide  of  manganese,  crystals  ot  feldspar  ;  one  mile  east  of  Edge 
moot  Hall,  rutile  in  quarts. 

Grxen's  Crbek. — Oamet  (so-called  pyrope). 

Hayerford. — Staurolite  with  garnet. 

Marple. — Tourmaiine,  andaiusite,  amethyst,  actin/Mte,  anihophyUite,  talc,  radiatsd  aetsn- 
eUte  in  talc,  chromite/^r//<fi^  quartz,  beryl,  cryst.  pyrite,  menacsanite  in  quartz,  chlorite. 

MiDDLBTOWN. — Amethyst,  beryl,  black  mica,  mica  with  reticulated  magnetite  between  tlic 
plates,  manganesian  garnets/  large  trapezohedral  crystals,  some 3  in.  in  diameter,  indurated 
talc,  hexagonal  crystals  of  r utile,  crystal  of  mica,  green  quartz!  anthophyUite,  radiated  tonr- 
maline,  staurolite,  titanic  iron,  fibrolite.  serpentine;  at  Lenni,  c/ilorite,  gieen  and  bronio 
vermieuWte/  green  fddspar  ;  at  ^lineral  Hill,  fine  crystahs  of  corundum,  one  of  which  weighs 
If  lb.,  actinolite  in  g^eat  variety,  bronzite,  grecji  feldttpar,  moonstone,  suttbttme,  graphui 
granite,  magnesite,  octahedral  crystals  of  chromite  in  great  quantity,  beryl,  chalcedony, 
asbestus,  fibrous  hornblende,  rutile,  staurolite,  mclanosiderite,  ballite ;  at  Painter's  Farm, 
near  Dismal  Run,  zircon  with  oligoclase,  tremolite,  tourmaline ;  at  the  Black  Horse,  oeai 
Hedia,  corundum  ;  at  Hibbard's  Farm  and  at  Fairlamb's  Hill,  chromite  in  brilliant  octahs)- 
drons. 

Newtown. — Serpentine,  hematite,  enstatite,  trfcmolite. 

Up.per  Providence. — AnthophyUite,  tremolite,  radiated  asbestus,  radiated  actinolite,  timt 
maline,  beryi,  green  feldspar,  amethyst  (one  found  on  Morgan  Hunter's  farm  weighing  over  7 
lbs.),  andalusite!  (one  terminated  crystal  found  on  the  farm  of  Jas.  Worrall  weighs  7^  Iba.); 
at  Blue  Hill,  very  fine  crystals  uf  blue  quartz  in  chlorite,  amianthus  in  sorpentint:,  zircon. 

Lower  Puovidknce. — Amethyst,  green  mica,  garnet,  large  crystals  ot  ftldnjiar/  (sense 
over  100  lbs.  in  weight). 

Radnor. — Garnet,  marmolite,  deweylite,  chromite,  asbestus,  magnesite,  talc,  blue  quarts, 
picrolite,  limonite,  magnetite. 

Springfield. — Andalusite,  tourmaline,  beryl,  titanic  iron,  garnet;  on  Fell's  Laurel  HiU, 
beryl,  garnet;  near  Beattie^s  mill,  staurolite,  apatite;  near  Lewis's  paper-mill,  tonrmalinef 
mica. 

TnoKNRURY.  — AmetJiyst, 

HXJNTINGDOX  CO.—Near  Franrstown.— In  the  bed  of  a  stream  and  on  the  side  of  o 
hill,  fibrous  ceUstite  (abundant),  quartz  crystals. 

LANCASTER  CO.— Drumohk  To  wnsuip— Quartz  crj-stals. 

Fulton. — At  Wood's  chrome  mine,  noar  the  village  of  Texan,  brucite  /  !  znratite  (emcnU 
nickel),  pennite!  ripidoUte!  kAmmercvite !  bnltimtrrite,  dtromic  iron,  williamsite,  chrysolite! 
marmoUte,  picrolite,  hydromagncsitc,  dolomite,  magnesite,  araf/onite,  calcite,  serpentine, 
hematite,  mcnaccanite,  genthitc,  cbrome-garDet,  bronzite,  millcritc ;  at  Low's  mine,  hydnh 
magnesite,  brucite  (lancoKterite),  picrolite^  ma^'^oesitc,  icilUamsite,  chromic  iron,  ta'c,  zaratite, 
baltimorite,  8cri)entiue,  hematite  ;  on  M.  Boice's  farm,  one  mile  N.W.  of  the  village,  pyrite 
in  cubes  and  various  modifications,  ant}u>^)hylUte  ;  near  Rock  Spring?*,  chalcedony,  camelian, 
mr^^  Of/fitf.  green  tourmaline  in  talc,  titanic  iron,  chromite,  octahedral  magmtite  in  ddorite ; 
at  ReynoMs's  old  mine,  calcite,  talc,  picrolite.  chromite  ;  at  Carter's  chrome  mine,  brookitc. 

Gap  Minks. — Chalcopyritc,  pyrrhotitc  (niccoliferou«),  mUlerite  in  botryoidal  nuliationr, 
nxianite  I  (rare),  actinolite,  si<lerite,  hisingerite,  ]>yrite. 

Pequea  Vallky. — Eight  miles  south  of  LancaMer,  argentiferous  galenite  f.^d  to  contaix> 
250  to  IJOO  ounces  of  silver  to  the  ton  ?),  vauquelinile,  nitile  at  Pequea  mine ;  four  milcts  N.W. 
of  Lancaster,  on  the  Lancaster  and  Harrisburg  Railroad,  calftmite,  galenite,  blende ;  pyritA\B 
mibic  crystals  ie  found  in  great  abundance  near  the  city  of  Lancaster  ;  at  the  Lanflaater 
mines,  calamine,  blende,  teunantite  ?  snithsonite  (peeud.  of  dolomite),  auriehaleitM^ 
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LEBANON  00.— GoBNWALL. — Magnetite^  pyrUe  (oobaltiferong),  cthaloopyrite,  naUce  top 
p^r,  azuritej  malachite^  ehryioeoUa,  cuprite  (hydroctipTite),  aUophane,  broehantiU,  seipentine, 
quartz  pseudomorphii ;  gaieniU  (with  octahedral  cleavage),  flaorite,  oovellite,  hemaiite  (mi 
caoeoQs),  opal,  asbestus. 

LEHIGH  GO. — Friedensyillb. — At  the  zinc  mines,  salamine^  tmithsonite,  hjdrozinciie, 
massive  blende,  greenoddte,  quartz,  aliophane,  zinciferons  clay,  mountain  leather,  aragonite^ 
Bonoonite ;  near  Allentown,  magnetite,  pipe-iron  ore ;  near  Bethlehem,  on  B.  Mountain 
allanite,  with  zircon  and  altered  sphene  in  a  single  isolated  mass  of  syenite,  magnetite,  mnr^ 
tite,  black  spinel,  tourmaline,  chalcocite. 

MIFFLIN  CO.— Strontianite. 

MONROE  CO. — In  CnERRT  Yallbt. — Caldte,  chalcedony,  quartz;  in  Poconao  Valley, 
near  Judge  Mervine's,  cryst.  quartz. 

MONTGOMEKT  CO. — Conshohocken. — Fibrous  tourmaline,  menaccanite,  aventurina 
quartz,  phyllite ;  in  the  quarry  of  G^.  Bullock,  ealcite  in  hexagonal  prisms,  aragonite. 

Lower  Providence. — At  the  Perkiomen  lead  and  copper  mines,  near  the  village  of 
Shannonville,  azurite,  blende,  gnlenite^  pyromorphite,  oeruseite,  wulfenite,  anglesite,  barite, 
calamine,  cbalcopyrite,  malachite,  chrysocolla,  braum  »par^  cuprite,  covellite  (rare),  mela- 
oonite,  libethenite,  pseudomalachite. 

White  Marsh. — At  D.  O.  Hitner^s  iron  mine,  fiv6  and  a  half  miles  from  Spring  Mills, 
limonite  in  geodes  and  stalactites,  gotJiite^  pyrolusite,  wad,  lepidocrocite ;  at  Edge  Hill  Street, 
North  Pennsylvania  Railroad,  titanic  iron,  braunite,  pyrolusite;  0'>e  mile  S.W.  of  Hitner*i 
iron  mine,  UinoniU^  velvety,  stalactitic,  and  fibrous,  fibres  three  inches  long,  turgite,  gothitc, 
pyrolusite,  velvet  manganese,  wad ;  near  Marble  Hall,  at  Hitner^s  marble  quarry,  white  mar- 
ble, granular  barite,  resembling  marble ;  at  Spring  Mills,  limonite,  pyrolusite,  gothite ;  at 
Flat  Rock  Tunnel,  oppos^ite  Manaynnk,  fitilbite,  heulandite,  chabasitey  ilvaite,  beryl,  feldspar, 
mica. 

Lafayette,  at  the  Soapstone  quarries. — Talc,  jeiferxsite,  garnet,  albite,  serpentine,  zoisite, 
•taurolite,  cbalcopyrite  ;  at  Rosens  Serpentine  quarry,  opposite  Lafayette,  enstaUte,  serpen- 
tine. 

NORTHUMBERLAND  CO.— Opposite  Selim's  Grove. —Calamine. 

NORTHAMPTON  CO.— Bushkill  Township.— Crystal  Sprmg  on  Blue  Moimtain,  quartt 
crgstala. 

Near  Easton. — Zircon!  (exhausted),  nephrite,  coccolite,  tremolite,  pyroxene,  sohlite, 
limonite,  magnetite,  purple  ealcite. 

Williams  Township. — Pyrolusite  in  geodes  in  limonite  beds,  gothite  (lepidocrocite)  al 
Olendon. 

PHILADELPHIA  CO Frankford.  — Titanite  in  gneiss,  apophyllite  ;  on  the  Philadelphia, 

Trenton  and  Connecting  Railroad,  basanite ;  at  the  quarries  on  Frankford  Creek,  stilbitii, 
molybdenite,  hornblende  ;  on  the  Connecting  Railroad,  wad,  earthy  cobalt ;  at  Chestnut  Hill, 
magnetite,  green  mica,  cbalcopyrite,  fluorite. 

Fairmount  Water  Works. — J[n  the  quarries  opposite  Fairmount.  autunite!  torbemitt 
crystals  of  fdditpar,  beryl,  pseudomorpbs  after  beryl,  tourmaline,  albite,  wad,  menaccanite. 

QORGAS'  and  Crease's  Lane. — Tourmaline,  cyanite,  staurolite,  homstone. 

Near  Germantown. -^/ocA;  tourmaline,  laumontite,  apatite;  York  Road,  tourmaline, 
beryl. 

Hestonvillb. — Alunogen,  iron  alum,  orthoclase. 

Heft*8  Mill. — Alunogen,  tourmaline,  cyanite,  titanite. 

Manatunk.  — At  the  soapstone  quarries  above  Manayunk,  talc,  steatite,  chlorite,  Termloa* 
lite,  anthophyUite,  staurolite.  dolomite,  apatite,  asbestus,  brown  spar,  epsomite. 

Mragargee^s  Paper-mill. — Staurolite,  titanic  iron,  hyalite,  apatite,  green  mica,  iron  gar* 
nets  in  great  abundance. 

McKinnet's  Quarry,  on  Rittenhouse  Lane.— Feldspar,  apatite,  stilbite,  natrolite,  hetdan' 
dite,  epidote,  hornblende,  erubeecite,  malachite. 

Schuylkill  Falls. — Chabasite,  titanite,  fluorite,  epidote,  muscovite,  tourmaline,  pro* 
pblorite. 

BCHUYLKILL  CO.— Tamaqua,  near  Pottsville,  in  coal  mines.— ifootfiiite. 

TORK  CO. — Bomite,  rutilo  in  slender  priams  in  graauhur  quarti,  oaldto. 
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NXWCASTLE  CO.— Brandtwike  ^mmQH.^BueholgiU,  JIbrolite  abtrndant,  sahUte,  pgrroz 
ene ;  Brand ji^ine  Hundred,  mnscovite,  enclosing  reticulated  magnetite. 

Dixon's  Frldstah  Quarries,  six  miles  N.  W.  of  Wilmington  (these  quarries  have  beea 
worked  for  the  mauufacture  of  porcelain). — Adularia^  albite^  oUgoekue,  beryl^  apatite^  dnntk' 
mon'Stone/  /  (both  granular  like  that  from  Ceylon,  and  crystallized,  rare),  magnesite, 
tine,  asbestuR,  black  tourmaline!  (rare),  indiooUtel  (rare),  sphene  in  pyroxene,  qyanite. 

Ddpokt's  P()^VDER  Mills. — **  Hypersthene.*' 

Eastburn's  Limeptone  Quarries,  near  the  Pennsylvania  line. — Tremolite,  brantUe, 

QUARRTVILLE. — Gamet,  spiidumene,  fibrolite. 

Near  Newark,  on  the  railroad. — Sphasrosiderite  on  drusy  quartz,  jasper  (fezruginoos  opttl), 
oryst.  spathic  iron  in  the  cavities  of  cellular  quarts. 

Way's  Quarry,  two  mUes  south  of  Centre ville. — Feldspar  in  fine  cleavage  manet,  opoltt^ 
wUea^  deweylite,  granular  quartz, 

Wilmington. — In  Christiana  quarries,  metaUaidai  diattage, 

Kennett  Turnpike,  near  Centreville. — Cyanito  and  gamet. 

HARFORD  CO.— Cerolite. 

KENT  CO. —Near  Middletown,  in  Wm.  Polk's  marl  pits.—  VivianUel 
On  Chesapeake  and  Delaware  Canal. — Retinasphalt,  pyrite,  amber. 

SUSSEX  CO.— Near  Cape  Henlopen  — Tivianito. 

MARYLAND. 

Baltimore  (Jones's  Falls,  If  mile  from  B.). — Chabasite  (haydenite),  heulandite  (bean 
montite  of  Levy),  pyrite,  lenticular  carbonate  of  iron,  mica^  stiibite. 

Sixteen  miles  from  Baltimore,  on  the  Gunpowder. — GraplUtc. 

Twenty-three  miles  from  B.,  on  the  Gunpowder. — TaU. 

Twenty-five  miles  from  B.,  on  the  Gunpowder. — Magnetite,  spJune^  pycnito. 

Thirty  miles  from  B. ,  in  Montgomery  Co. ,  on  farm  of  S.  Eliot — Gold  in  quartz. 

Eight  to  twenty  miles  north  of  B.,  in  limestone. — TremoUte,  auyite^  Jiyntey  brown  and  j<el 
low  tourmaline. 

Fifteen  mileet  north  of  B. — Sky-blue  cltalcedany  in  granular  limestone. 

Eighteen  miles  north  of  B.,  at  Scott's  mills. — Magnetite^  cyanite. 

Bare  Hills. — Chromite,  asbtfttts,  tremokte^  talc^  hornblende,  serpentine,  chaloedonj, 
meerschaum,  baltimorite.  ehaleof*yrite^  magnetite. 

Cape  Sable,  near  Magothy  R. — Amber,  pyrite,  alum  slate. 

Carroll  Co. — Near  Sykesville,  Liberty  Mines,  gold,  magnetite,  pyrite  {octahedrons)^  ekal- 
orpyritey  linnaeite  (cnrroUite) ;  at  Patapsco  Mines,  near  Finksburg,  homite,  malachite^  siegen* 
ite,  UmuBitt,  remingianite^  magnetite,  chalcopyrite  ;  at  Mineral  Hill  mine,  homite^  chalcopj- 
irite,  ore  of  nickel  (sec  above),  gold.  m:ignetite. 

Cecil  Co.,  north  part. — Chramite  in  serpentine. 

CooPTOWN,  Harford  Co. — Olive-colored  tourmaUne^  diatlage,  talc  of  green,  blue,  and  rose 
colors,  Ugniform  attbentus^  cJiromite^  serpentine. 

Deer  Creek. — Magnttitel  in  chlorite  slate. 

Frederick  Co.— Old  Liberty  mine,  near  Liberty  Town,  black  copper,  malaohito,  ohaloo* 
cite,  specular  iron ;  at  Dollyhyde  mine,  bornite^  chalcopyrite,  pyrite,  argentiferoos  galenlte  Ui 
dolomite. 

Montgomery  Co. — Oxide  of  manganese. 

Somerset  and  Worcester  Cos.,  north  part. — Dog-iron  ore^  titianiU, 

St.  Mary's  River. — OypsumI  in  clay. 

Pvlesyille,  Harford  Co. — Asbestus  mine. 

VIRGINIA  AND  DISTRICT  OF  COLUMBIA. 

Albemarle  Co.,  a  little  west  of  the  Careen  lAti^,— Steatite,  graphite^  galenite. 
Amherst  Co.,  along  the  west  base  of  Buffalo  ridjf^.-^ Copper  ores,  allanite,  eta 
Augusta  Co.— At  Weyer*s  (or  Weir's)  cave,  sixteen  miles  northeast  of  StMintan, 
ttghty-one  miles  northwest  of  Richmond,  calcite«  stalaotitM. 
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BUCKIHOHAM  C6.—CMd  at  Gamett  and  Moselc^  mines,  also,  pjrite,  pjrrhotite,  caldte. 
garnet ;  at  Eldridge  mine  (now  London  and  Viiginia  mines)  near  by,  aod  the  Bnokingham 
mines  near  Mays^e,  gold,  aariferons  pyrite,  chaloopyrite,  tennantite,  barite  ;  oyanUe^  touT' 
maUne^  actiricUte. 

Chestbrfield  Co. — Near  this  and  Richmond  Co.  bituminous  coal,  native  ooke. 

Culpepper  Co.,  on  Bapidan  river. — Gk>ld,  pyrite. 

Franklin  Co. — Grayish  steatite. 

Fauquier  Co.,  Bamett*s  mills. — Asbestns,  gold  mines,  barite,  ealcUe. 

Fluvanna  Co. — Gold  at  Stockton's  mine  ;  also  tetradymite  at  '*  Tellurium  mine.** 

Phenee  Copper  mines. — Chaleopyiite^  etc. 

GEOROEiTowN,  D.  C. — ButUo. 

Goochland  Co.  —Gold  mines  (Moss  and  Busby ^s). 

Harper's  Fekrt,  on  both  sides  of  the  Potomac. — Thuring^te  (owenite).with  quarts. 

Jefferson  Co.,  at  Shepherdstown. —Fluor. 

Kekawha  Co. — At  Kenawha,  petroleum^  brine  springs,  cannel  ooal. 

Loudon  Co. — Tabular  quartz,  drase,  pyrite,  talc,  chlorite,  soapatons,  asbestus,  ehramUe^ 
actinoUte,  quartz  cry  stain  ;  rmcaeeous  iran^  bomite,  malachite,  epidote,  near  Leesburg  (Poto* 
mac  mine). 

LouiHA  Co. — Walton  gold  mine,  gold,  pyrite,  ohalcopyrite,  argentiferous  galenite,  siderite, 
blende,  anglesite  ;  bonlangerite,  blende  (at  Tinder's  mine). 

Nelson  Co. — Galenite,  ohalcopyrite,  malachite. 

Oranoe  Co. — Western  part,  Blue  Bidge,  specular  iron;  gold  at  the  Orange  Grove  and 
Yaucluse  gold  mines,  worked  by  the  ^*  Freehold '*  and  ^* Liberty*'  Mining  Companies. 

Bockbkidge  Co.,  three  miles  southwest  of  Lexington. — Barite. 

Seen  AN  DO  AU  Co.,  near  Woodstock. — Fluorite. 

Mt.  Alto,  Blue  Bidge. — Argillaceous  iron  ore. 

Spottstly.vnia  Co.,  two  miles  northeast  of  Chancellorville. — Cyanite  ;  gold  mines  at  the 
junction  of  the  Rappahannock  and  Rapidan;  on  the  Rappahannock  (MamhoU  mine) ;  White- 
hall mine,  afFording  also  tetradymite. 

Stafford  Co.  ,  eight  or  ten  miles  from  Falmouth — Micaceous  iron,  gold,  tetradymite,  sil- 
Ter,  galenite,  vivianite. 

Wasiifnoton  Co.,  eighteen  miles  from  Abington. — Bock  salt  with  gypsum. 

Wythk  Co.  (Austin's  mines).—  CenissUe,  miiUum,  plumbic  ochre,  blende,  calamine,  galeniie, 
graphite. 

Chi  the  Potomac,  twenty-five  miles  north  of  Washington  city. — Native  ettlphur  in  gny 
compact  limestone. 

NORTH  CAROLINA. 

Abhb  Co. — Malachite,  chalcoinrrite. 

Buncombe  Co.,  (now  called  MadiM>n  Co), — Corundum  (from  a  boulder),  mnrgariU^  coran- 
dophilite,  garnet^  chromite,  barite,  fluorite,  rutile,  iron  ores,  manganese,  tircon  ;  at  Swan- 
nanoa  G^p,  cyanite. 

Burke  Co.— Gold,  monaate,  drcon,  beryl,  corundum,  garnet,  sphene,  grapMtey  iron  ores, 
tetradymite,  montanite. 

Cabakrus  Co. — I*henix  Mine,  gold,  barite,  eftaleopyrite,  auriferous  pyrite,  quarts,  pseudo- 
mor|>h  after  barite.  tetradymite,  montanite ;  Pioneer  mines,  gM,  limonito,  pyrolusite,  barn' 
hardite,  wolfram,  t^cheeUte,  ouprotungstite,  tungstite,  diamond,  chrysocolla,  cnalcocite,  molyb- 
denite, chakopyrite,  pyrite  ;  White  mine,  needle  ore,  ohaloop3rrite.  barite ;  Long  and  Muse's 
mine,  argentiferous  galenite,  pyrite,  ohalcopyrite,  limonite ;  Boger  mine,  tetradymite ;  Fink 
mine,  valuable  copper  ores ;  Mt.  Makins,  tetrahedrite,  magnetite,  talc,  blende,  pyrite,  proof 
tite,  galenite ;  Bskngle  mine,  scheelite. 

Caldwell  Co.--Chromite. 

Chatham  Co. — Mineral  coal,  pyrite,  chloritoid. 

Cherokf.e  Co.— Iron  ores,  fold,  galenite,  corundum,  rutile.  cyanite,  damonite. 

Cleveland  Co. — White  Plaius,  quartz^  crystals,  nmoky  q^tartz^  tourmaline,  rutile  in  qnartii 

Clat  Co. — At  the  Cullakcnee  Mine  and  elsewhere,  corundum  (pinkj,  soisite,  tourmalinai 
cnargarite,  willcoxite,  dndleyite. 

Daytdson  Co — King's,  now  Washington  mine,  native,  silver,  oemssite,  anglesite,  scheelite, 
mrromorphite,  galenite,  blende,  malachite,  black  copper,  wtvMite^  garnet,  stilbite  ;  five  miles 
Irom  Washington  mine,  on  Fanst^n  farm,  guld,  tfitrtCdymite,  oxide  of  bismuth  and  tellurium, 
montanite,  ohalcopyrite,  limonite.  spathic  iron,  epidote ;  near  Squire  Ward's,  gold  in  oxyt* 
tela,  electrum. 

Franklin  Co. — At  Parfciss  mine,  diamonds. 

GarohCo. — iron  ocm,  oomndam,  autffarite;   near  Orowd«r*8  Hountain  (lo  what  «M 
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formeiij  Lincoln  Co.),  laeuUte,  offanite,  garnet^  graphite  ;  also  twenty  mUes  northeart. 
■oath  end  of  Clabb*i  Mtn.,  lazolite,  cyanite,  talc,  mtile,  topaz,  pfitophyUite ;  Eing^s  Homi- 
tain  (or  Briggs)  Mine,  natiye  teUorianiy  altaite,  tedradymite,  montanite. 

OuiLFORD  Co. — McGalloch  copper  and  gold  mine,  twcWe  miles  from  Greensboro],  gM^ 
pyrite,  ehaleopyrit^  (worked  for  copper),  qtuirtz^  siderite.  The  North  Carolina  Copper  do.  are 
working  the  copper  ore  .it  the  old  Fentress  mine ;  at  Deep  River,  compact  pyrophyUiU 
(worked  for  slate- pencils). 

Haywood  Co. — Corundum,  margarite,  damonrite. 

Henderson  Co. — Z/rcon.  nphene  (xanthitane). 

Jackson  Co. — Alunojren?  at  Smoky  Mt.;  at  Webster,  serpentine,  chromite,  genthite, 
shrysoliU^  talc;  Uoghalt  Mt..  pink  corundam,  margarite,  tourmaline. 

Lincoln  Co. — Diamond  ;  at  RondlemanV  amethyst^  rose  quartz. 

Macon  Co. — Franklin.  Culsng^e  Mine,  earundum.  spinel,  diaspore,  tourmaline,  damonrite 
pKOchlorite,  culsagceite,  kerrite,  maconite. 

McDowell  (^o. — Brookite,  monadte.  corundum  in  small  ciystals  red  and  white,  ctroemt, 
garnet,  beryl,  sphene,  xenotime,  rutile,  elastic  sandstone,  iron  ores,  pyromelane,  tetradj- 
mite,  montanite. 

Madison  Co. — 20  miles  from  Asheville.  corundum,  margarite,  chlorite. 

Mecklenbubo  Ck>. — Near  CHiarlotte  (Rhea  and  Cathay  mines)  4nd  elsewhere,  ehalcopyrits^ 
gold;  chalcotrichite  at  McGinn's  mine;  bamhardtite  near  Charlotte;  pyrophyllite  in  Coi* 
ton  Stone  Mountain,  diamond ;  Flowe  mine,  scheelite,  wolframite  ;  Todd's  Branch,  numa- 
tUe. 

Mitchell  Co. — Satnarskite,  pyrochlore  (?),  euxenite,  columbite,  mnsootite. 

Montgomery  Co. — Steele*s  mine,  ripidolite,  albite.  / 

Moore  Co. — Carbonton,  compact  pyrophyllite. 

Kowan  Co.— Gold  Hill  Mines,  thirty-eight  miles  northeast  of  Charlotte,  and  fourteen 
from  Salisbury,  gold,  auriferous  pyrite  ;  ten  miles  from  Salisbury,  feldspar  in  crystals,  hU" 
muthinite. 

Randolph  Co.— Pyrophyllite. 

Rutherford  Co.  —  Ooid^  graphite,  bisrauthic  gold,  diamond,  enclose,  psettdom&rpfta^it 
guarU  /,  chalcedony,  corundum  in  small  crystals,  epidote,  pyrope,  brookite,  zircon,  monazite, 
ntherfordite,  samarskite.  quartz  eryttaU,  itacolumyte ;  on  the  road  to  Cooper^s  Gap, 
ejranite. 

Stokes  and  Suruy  Cos. — Iron  ores,  graphite. 

Union  Co. — Lemmond  gold  mine,  eighteen  miles  from  Concord  (at  Stewart's  and  Moore^t 
mine),  gold,  quartz,  blende,  argentiferous  galenite  (containing  29*4  oz.  of  gold  and  86*5  o&. 
of  silver  to  the  ton,  Gentb),  pyrite,  some  chalcopyrite. 

Tancby  Co. — Iron  ores,  amianthus,  chromite,  garnet  (spessartite),  samarskite. 

SOUTH  CAROLINA. 

Abbeville. — Disr. — Oakland  Grove,  gold  (Dom  mine),  galenite,  pyromorphite,  amethyst, 
garnet. 

Anderson  Dist. — At  Pendleton,  qctinoUte,  galenite,  kaolin,  tourmaline. 

Charlesi'on.  — Selenite. 

Chkowbe  Valley. —Galenite,  tourmaline,  gold. 

Ghesterpield  Dist.— Gold  (Brewer's  mine),  talc,  chlorite,  pyrophyllite,  pyrite,  native 
bismuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enargite. 

Darlington. — Kaolin . 

Edgepteld  Dist.— Psilomelane. 

Greenville  Dist.— Galenite,  pyromorphite,  kaolin,  chalcedony  in  buhrstone,  bezyl« 
plumbago,  epidote,  tourmaline. 

Kershaw  Dist,— Rutile^ 

Lancaster  Dist.— Gold  (Hale's  mine),  talc,  chlorite,  cyanite,  elastic  sandstone,  pyrite; 
gold  also  at  Blackmnn's  mine,  Massey's  mine,  Ezeirs  mine. 

Lauren:*  Di5T. — Conmdum,  damourite. 

Newberry  Dist. — Leadhillitc. 

Picken'b  Dist. — Gold,  manganese  ores,  kaolin. 

Richland  Dist.  — Chiastolite,  novaculite. 

Spartanburo  Dist. ^Magnetite,  chalcedony,  hmaHte ;  at  the  Cowpens,  limonite,  grmpklU 
limestone,  copperas ;  Morgan  mine,  leadhillite,  pyromorphite,  cemssite. 

Sumter  Dist.— Agate. 

UiaoN  Dist. — Fairforeet  gold  mines,  pyrite,  chalcopyrite. 

TOBK  Di8T.— Limestones,  whetstones,  witherite,  barite,  tetradymifee. 
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OEOBaiA. 

Bomn  AHD  Bc&iTBH  Cos. — ^Hyalite. 

Chkbokee  Co. — At  Canton  Mme,  chalcopyrite,  galenite,  cUosthaliie,  plambopuaail^ 
•itdiooGkite,  ar$enopyriU^  lanthanite,  harrUUey  cantonitA,  pjzom<n|ihite,  antosnolite,  ima^ 
•Unrolite,  cyanite  ;  at  Ball-Gronnd,  spodomene. 

Clabk  Co.,  near  Clacksrille. — Gold,  xenatimej  ziicon,  mtfle,  ojmail^  hematite,  ffaad, 
inartz. 

Dade  Co. — Halloysite,  near  Rising  Fawn. 

FxNirm  Co. — StaurolUef  chalcopyrite. 

Habersham  Co. — Qdd,  pji  Ite,  chalcopyrite,  gaUnite^  hornblende,  garnet,  quarts,  <~^'^*-*^ 
■oapatone,  chlorite,  r utile j  iron  ores,  tourmaline,  staorolite,  sixoon. 

Hall  Co. — OM^  qnaitz,  kaolin,  diamond. 

Hakcock  Co. — Agate,  ohalcedonj. 

Heabd  Co. — MolybdiU^  qoarti. 

Lincoln  Co. — LazulUe//  riitile//  hematite,  pyanite,  menaocanite,  pyrophjfBUs^  ffoMt 
Iteoolnmjte  rock. 

LowNS  Co. — Comndnm. 

Lumpkin  Co.— At  Field's  gold  mine,  near  Dahlon^^,^oU,  tdtrad^tmU^  pjrrhotite,  dklorite, 
muiaocanite,  allanite,  apatite. 

Habun  Co.— Gold,  eJuiicopyriU, 

Spauldino  Co. — Tetradymite. 

Waaoinoton  Co.  ,  near  Sanndersville. — WavSUte^  fire  cpaL 

ALABAMA. 

Bibb  Co.,  Centrerille. — Iran  aret,  marble,  bariU^  ooal,  oobalt. 

Tuscaloosa  Co. — CoaU  galenite,  pyrite,  Tivianlte,  limonite,  oaldte,  dolomite,  cjanile, 
■toatite,  qoarts  czystals,  manganese  ores. 
Bbhton  Co. — Antimonial  lead  ore  (bonlangerite  ?) 
Tallapoosa  Co.,  at  DadleyvUle. — Comndnm,  spinel,  tourmaline. 

FLORIDA. 

Hbab  Tampa  Bat. — Limeatooe,  sulphur  springs,  ohaloedony,  oamelian,  agate,  ailkiWed 
shells  and  corals. 

KENTUCKY. 

Anderson  Co. — Galenite,  barite. 
OUNTON  Go. — Geodee  of  quartz. 
Grittenden  Co. — Galenite,  fluorite,  caldte. 

Cumbeeland  Co.— At  mammoth  Ca^e,  pypnim  ro$eUm/  oaldte,  stalactites,  nitre,  ep- 
somite.  « 

FArsTTB  Co. — Six  miles  N.K  of  Lexington,  galenite,  barite,  witherite,  blende. 
LnraroBTONE  Co..  near  the  line  of  Union  Co.— ^Galenite,  chaloopyrite,  large  vein  of  fluozifta. 
Mkbcer  Co. — ^At  McAfee,  fluoriU,  pyrUe^  oaldte,  barite,  celeetite. 
OwKH  Co. — Galenite,  barite. 

TEXNESSBB. 

Bbown*s  Creek. — Galenite,  blende,  baiite,  oelostite. 

Caster^s  Co.,  foot  of  Roan  Mt — StMitr,  magnetite. 

Claiborse  Co. — GaUimine^  galenite,  HiuithHonite,  chlorite,  steatite,  magnetite. 

OocKE  Co.,  near  Brush  Creek.— Cacoxono  ?  kraurite,  iron  sinter,  stilpnosiderite,  browa 


Batidson  Co. — Selenite,  with  granular  and  snowy  pr,;M»iim,  or  niabaster,  crystallised  and 
soiDpa(fft  anhydriU,  fluoriU  in  cryMtaln?  <v/M/<i  in  orystLla.  Near  Nashville,  blue  edeiUU^ 
IsfjiUnisf'iJ,  fibrous,  and  radiated),  with  htirUt  in  Hmeelone.  Hi^boro*,  gmienite,  blendt. 
mmk  bicifee  as  the  gangue  of  the  ore. 

DKKiOM  Ca— ] 
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jEFifKBflON  Co,--C!alamine,  galenite,  fetid  barite. 

Knox  Co. — ^Magnesian  limeetone,  native  iran^  variegated  marUm! 

Maubt  Go. — ^Wavellite  in  limestone. 

MoRQAN  Go. — Epsom  salt,  nitrate  of  lime. 

Polk  Co.,  Ducktown  mines,  southeast  comer  of  State. — ^Melaconite,  chaloopTrite,  pjitUk 
native  copper,  bomite,  mtile.  ecieite,  galenite,  harrinie^  idisonite,  blende,  pyroxene^  tremoHUs 
wlphates  ofoapp'^r  and  iron  in  stalactites,  allophane,  rabtite,  cboloocite  (ducktownite),  ohal* 
oo&ichite,  azurite,  malachite,  pyrrhoiite^  limonite. 

Bo  AN  Co.,  eastern  declivity  of  Cumberland  Mts. — ^Wavellite  in  limestone. 

Sbyibb  Co.,  in  cavema — ^Epsom  salt,  soda  alum,  saltpetre,  nitrate  of  lime,  hreoda  markU, 

Smith  Co.— Fluorite. 

Shokt  Mt.,  on  deolivity. — Hornblende,  garnet,  staurolite. 

Whtts  Qo.— Nitre, 

OHIO. 

Bainbridob  (Copperas  Mt,  a  few  miles  east  of  B.). — Caloite,  barite^  pjrite,  ooppenMi 
ftlnm. 
Canfibld. — Oypatan  ! 
Duck  Creek,  Monroe  Ca — Petroleum. 

Lake  Erir — Strontian  Island,  ceieetitel  Put-in  Baj  Island,  celeetite/  sulphur  /  oalcila 
Liverpool. — Petroleum. 

Marieita. — Argillaceous  iron  ore ;  iron  ore  abundant  also  in  Sdoto  and  Lawrence  Con 
Ottawa  Co. — Gypsum. 
Poland. — Gypsum  I 

MICHIGAN. 

Brest  (Monroe  Co.}. — Caldte^  amethystine  quartz,  apatite,  celestite. 

Grand  Rapids. — Selenite,  fib.  and  granular  gypsum,  caleite^  dolomite^  anhydrite. 

*Lake  Superior  Mining  Region. — The  four  principal  regions  are  Keweenaw  Point,  Uls 
Royale,  the  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  two 
ranges  of  elevation,  one  known  as  the  Greenstone  Range,  and  the  other  as  the  Southern  or 
Bohemian  Range  (AVhitney) .  The  copper  occurs  in  the  trap  or  amygdaloid,  and  in  the  aaso- 
ciaced  conglomerate.  Native  copper  /  native  silver  /  chalcopyrite,  horn  silver,  tetrahedrite, 
manganese  ores,  epidote,  prehnite^  laumontiie,  datolite,  heulandite,  orthoclase,  analdte,  cha- 
baiite,  compact  datolite,  chrysocolla,  mesotype  (Copper  Falls  mine),  leonhtirdite  (ib.),  analaU 
(ib.).  apophyllite  (at  Cliff  mine),  woUastonite  (ib. ),  caloite,  quartz  (in  crystals  at  Minnesota 
mine),  compact  datolite,  orthoclase  (Superior  mine),  saponite,  melaconite  (near  Copper  Har- 
bor, but  exhausted),  chrysocolla  ;  on  Chocolate  River,  galcnite  and  sulphide  of  copper ;  chal- 
copyrite and  native  copper  at  Presq*  Isle ;  at  Albion  mine,  domeykite  ;  at  Prince  Vein,  barite^ 
safcite^  ametfiyat;  at  Ifichipi'^oten  Ids.,  copper  nickel,  stilbite,  onalcite  ;  at  Albany  and  Bob< 
ten  mine.  Portage  Lake,  prefinite^  analcite,  orthoclase^  cuprite ;  at  Sheldon  location,  domey' 
kite^  tohitneyite^  aJyodonite  ;  Isle  Royale  mine.  Portage  Liike,  compact  datelite ;  Quincy  mine, 
caldte,  compact  datolite.  At  the  Spurr  Mountain  Iron  mine  (magnetite),  chlorite  peeodo- 
morph  after  garnet. 

Marquette. — Manganite,  galenite ;  twelve  miles  west  at  Jackson  Mt.,  and  other  mines, 
kematitey  limonite,  gdthite!  magnetite,  jasper. 

Monroe. — Aragonite,  apatite. 

Point  aux  Peaux  (Monroe  Co.). — Amethystine  quartz,  apatite,  celestite,  ealdte, 

Saginaw  Bay. — At  Alabaster,  gypsum. 

Stony  Point  (Monroe  Co.). — Apatite,  amethystine  quartz,  celestite,  caldte. 

ILLINOIS. 

Gallatin  Co..  on  a  branch  of  Grand  Pierre  Creek,  sixteen  to  thirty  miles  from  Shawnee- 
town,  down  the  Oliio,  and  from  half  to  eight  miles  from  this  river. —  Violet  fluorite  /  in  oar 
boniferouB  limestone,  barite,  galenite,  blende,  brown  iron  ore. 

Hancock  Co. — At  Warsaw,  quarts  geodes/  containing  caloite/  cJuHeedony,  ddomiU^  btendit 
brown  spar,  pyrite,  aragonite,  gypsum,  bitumen. 


*  See  also  Pumpelly ;   on  the  Paragenesis  of  copper  and  its  associate  minerals  on  Lake 
Am.  J.  ScL,  III.,  z,  17. 
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Habdin  Go. — ^Near  Roddaie,  caldie,  galenite,  blende ;  five  miles  back  fzoxn  Elisabeth 
town,  bog-iron ;  one  mile  north  of  the  rirer,  between  Elizabethtown  and  Roeiolare,  nitre, 

Jo  Dayi£8  Co. — At  Galena,  galenite^  oaldte,  pyrite^  blende;  at Marsdcn^a diggingi,  ^a/«ii- 
iU  I  blende^  centsHite^  marcoaite  in  stalactitio  forma,  pjrite. 

JoLiBT.  —Marble, 

QvnfCY.—Caieite/  pjrrite. 

Scales  Mound.— ^r^  pjrite. 

INDIANA. 

Ldcestonb  Cayeums  ;  Coiydon  Cavea,  etc. — Epsom  $aU. 

In  moat  of  the  aonthwest  coontiea,  pyrites  iron  sulphate,  and  feather  alum ;  on  Sngai 
Greek,  pyrite  and  iron  sulphate;  in  aandatone  of  Llojd  Co.,  near  tiie  Ohio,  gypmun /  at  thf 
top  of  the  bine  limeatone  formation,  brown  spar,  ealcite, 

Lawrbhcb  Co.— Spioe  Valle,  kaolinite  (=indianaite). 

MINNESOTA. 

North  Shore  op  L.  Soperiob)  ran^  of  hilla  ronniniif  nearlj  northeast  and  aonthwest^ 
extending  from  Fond  da  Lac  Superieure  to  the  Kamaniatiqueia  Biver  in  Upper  Oaoada).-* 
SooUeite^  apophyUiU,  prehnite,  stUbite,  laumontUe,  tteulandite^  harmatamej  Ihomsooite,  fltwriis, 
barite,  tourmaline,  epidote^  hornblende,  calcite,  quartz  crystala.  pyrite,  magnetite,  atea- 
tite,  blende,  black  oxjd  of  copper,  malachite,  native  copper,  chidcopyrite,  amethyatine 
quarts,  fermginoua  quartz,  diolcedony^  eameUan,  agate,  drusy  quartz,  hyalite?  fibroua  quartz, 
jaaper,  praae  (in  the  debria  of  the  lake  ahore),  dog^xx>th,  apar,  augite,  native  ailver,  apodumene  ! 
chlorite ;  between  Pigeon  Point  and  Fond  du  Lao,  near  Baptiam  Biver,  aaponite  (thalite)  in 
amygdaloid. 

Kettle  Biter  Trap  Banoe. — Epidote,  nail-head  calcite,  amethyatine  quartz,  caldte, 
nndetermiried  zeolitea,  aaponite. 

Stillwater.  —Blende. 

Falls  op  the  St.  Croix. — Malachite,  native  copper,  epidote,  nail-head  apar. 

Baixt  Lake. — ^AcUnolite,  tremolite,  fibrous  hornblende,  garnet,  pyrite,  magnetite,  steatila 

WISOONSIN. 

Bio  Bull  Falls  (near).— Bog  iron. 

Blub  Mounds. — Cerusaite. 

Hazle  Green. — Calcite. 

Lac  Du  Flambhau  B. — Gkimet,  cyanite. 

Left  Hand  B.  (near  amall  tributary). — ^Malachite,  chaloodte,  natire  copper,  zed  ooppei 
ore,  earthy  malachite,  epidote,  chlorite  t  quartz  cryatals. 

Linden. —  OaUnite,  smithsoniu^  hydroeineiU. 

Mineral  Point  and  vicinity. —Copper  and  lead  ores,  ohrysocolla,  aturiU!  duJoopyriteu 
malachite,  yaUnite,  cemasite,  anglesite.  blende,  pyrite^  barite,  calcite^  mareasitey  S7nithiuniu} 
(so-called  *'dzy-booe"). 

Montreal  Biyer  Portage.— Galenite  in  gneissoid  granite. 

Sank  Co. — Hematite,  malachite,  chalcopyrite. 

Shullsburo. — OaleniUl  blende,  pyrite ;  at  Emmet's  digging,  galenits  and  pyrite. 

IOWA. 

Du  BuquB  Lead  Mnriba,  and  elaewhere. — OaleniUf  ealdte^  blende,  black  oxide  of  man- 
ganese ;  at  Ewing'a  and  Sherard's  diggings,  mnithsoniie,  calamine ;  at  Des  Moines,  qnaiti 
eiystala,  aelenite  ;  Makoqueta  B.,  brawn  iron  ore;  near  Durango,  galenite. 

Okdar  Biver.  a  branch  of  the  Des  Moines. — Sdenite  in  ciy^als,  in  the  bituininous  shals 
of  the  coal  meaaures ;  also  elsewhere  on  tiie  Des  Moines,  gjrpsnm  abundant ;  aigillaoeoaf 
inn  oie»  spathic  iron ;  copperas  in  oiystals  on  the  Des  Moines,  above  the  Month  of 
~  elsewhere,  pyrite,  blende. 

Fort  DoDQK.—Cele$tU€. 

Ma  koqueta.— Hematite. 

Wcw  Galena.— Octahednd  galenite, 
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MISSOUBI. 

BiRMOioSAM.  — Limoiiite. 

Granbt. — Sphalerite^  gaienite^  calamine,  greenookite.  as  a  coating  on  sphaletlfee. 

Jkfferson  Co..  at  Valleys  diggings. — Oalenite,  eertueite^  angleaite,  calamine,  dialooiigf 
rite  malachite,  azurite,  witherite. 

Mine  &  Burton. — Oalenitey  centssUe,  angUsite.  barite^  calcite. 

Dkep  Dioginos. — Malachite,  cenissite  in  crystals  and  manganese  ore. 

Madison  Co.— Wolframite. 

MiNB  La  Motte. — Oalemte!  malachite,  earthy  eobaU  and  nickei^  bog  nmnganese,  snlph* 
ide  of  iron  and  nickel,  eeruseite,  caledonite,  plambogammite,  wolframite,  siegenite^  smaltite, 
aragonite. 

St.  Louia — MiUerite^  calcite,  dolomite,  earthj  barite,  fluorite. 

St.  Francis  Riyeb.— Wolframite. 

Perbt^s  Dioginqs,  and  elsewhere. — Gkilenite,  etc. 

Forty  miles  west  of  the  Mississippi  and  ninety  south  of  St.  Louis,  the  iron  moontaiai, 
specular  iron,  limonite ;  10  m.  east  of  Lronton,  wolframite,  tungstite. 


ARKANSAS. 

Batesyillb. — In  bed  of  White  R.,  some  miles  above  Batesville,  gold. 

GSEBN  Co. — Near  Gainesville,  lignite. 

Hot  Springs  Co. — At  Hot  Springs,  wavelUte,  thuringite  ;  Magnet  Cove,  brookitel  s^kor- 
lamite^  eUtoUie^  magnetite,  quartz,  green  coccolite,  garnet,  apatite,  perofskite  (hydrofcitaiiite), 
mtile,  ripidolite,  thomsonite  (ozar^te),  microcline,  asgirite. 

Independence  Co. — Laiferay  Creek,  psilomelane. 

Lawrence  Co. — Hoppe,  Bath,  and  Koch  mines,  smitfisonite^  dolomite,  galenite;  nitre. 

Marion  Co. — Wood's  mine,  smithsonite,  hydrozincite  (marionite),  galenite  ;  Poke  bajoa, 
brannitef 

Ouachita  Springs,— Oiwrte/  whetstones. 

Pulaski  Co.— Kellogg  mine,  10  m.  north  of  Little  Rock,  tetrdhedrite^  tennanUtey  sacrite 
gaieoite,  blende,  quartz. 

CALIFORNIA. 

The  principal  gold  mines  of  California  are  in  Tulare,  Fresno,  Mariposn,  Tuolumne,  Gala* 
Yevas,  El  Dorado,  Placer,  Nevada,  Yuba,  Sierra.  Butte,  Plumas.  Shasta,  Siskiyou,  and  Del 
No;  te  counties,  although  g^ld  is  found  in  almost  every  county  of  the  State.  The  gold  oooun 
ill  quarts,  associated  with  sulphides  of  iron,  copper,  zinc,  and  lead ;  in  Calaveras  and  Tuo- 
lonine  counties,  at  the  Mellones,  Stanislaus,  Golden  Rule,  and  Rawhide  mines,  associated 
with  tellurides  of  gold  and  silver ;  it  is  also  largely  obtained  from  placer  diggings,  and  further 
it  is  found  in  bejush  washings  in  Del  Norte  and  Klamath  counties. 

The  copper  mines  are  principally  at  or  near  Copperopolis,  in  Calveras  county ;  near  Geneeei 
Valley,  in  Plumas  county ;  near  Low  Divide,  in  Del  Norte  county ;  on  the  north  fork  of 
Smith's  River ;  at  Soledad,  in  Los  Angeles  county. 

The  mercury  mines  are  at  or  near  New  Almaden  and  North  Almaden,  in  Santa  Clara  ooan^ 
at  New  Idria  and  San  Carlos,  Monterey  county ;  in  Son  Luis  Obispo  county ;  at  Pianeei 
mine,  and  other  localities  in  Lake  county ;  in  Santa  Barbara  county. 

Ali*ine  Co. — Morning  Star  mine,  enargiUy  stephanite,  polybasite,  barite,  quarts,  pyrite, 
tetrahedite. 

Amador  Co. — At  Volcano,  chalcedony,  hyalite. 

Alameda  Co. — Diabolo  Range,  magnesite. 

Butte  Co. — Cherokee  Flat,  diamond^  platinum,  iridosmine. 

Calaveras  Co. — Copperopolis,  dtalcopyrite,  malachite,  azurite,  serpentine,  pioroUU^  natiff 
copper,  near  Murphy's,  jasper,  opal ;  albite,  with  gold  and  pyrite  ;  Mellones  mine,  oo/aMrC^ 
peizite. 

OoNTRA-CosTA  Co. — Sau  Antouio,  chalcedony, 

Del  Norte  Co. — Crescent  City,  agate,  camelian;  Low  Divide,  chalcopyrite,  botnila, 
malachite;  on  the  coast,  iridosmine,  pla*'rnu«r. 

El  Dorado  Co. — ^Pilot  Hill,  chalcopyritto ,  near  Gkorgetown,  hessite.  from  placer  dig* 
ginga;  Roger's  Claim,  Hope  Valley,  grassiilar  garnet,  in  copper  ore;  Coloma,  ehromit$, 
Bpaniah  D^  Diggings,  go.'d;  Granite  Creek,  roecoelite,  gold. 
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j^RB^NO  Go. — Ohowohillafl,  andahuiU. 

HaxBOLDT  Co. — C^yptomorphite. 

Ingo  Ck). — Ingo  diatarict,  gcuenite,  eenisnte^  angleslte,  barile^  at«oamite,  oaicite,  gioiiulat 

Laxb  Co.— Borax  Lake,  borax/  sassob'te,  giouberite;  Pioneer  mine,  cinnabar,  native  mer< 
oniy,  eelenide  of  mercoxy  ;  near  the  Oeysers,  solphnr,  hyalite ;  Redington  mine,  metaoinna- 
barile. 

Los  Angeles  Co.— Near  Santa  Anna  Biyer,  anhydrite;  Williams  Pass,  chalcedony; 
Boledad  mines,  chalcopyrite,  garnet^  gypsam ;  Moantain  Meadows,  g^amet,  in  copper  ore. 

Mariposa  Co. — Chaloopyrite,  itacolumyte;  Centreville,  cinnabar;  Pine  Tree  Mine,  tetra- 
hedrite  ;  .Bums  Creek,  limonite ;  Qeyer  Goloh,  pyrophyllite  ;  La  Victoria  mine,  azurite/  neai 
Coolterville.  cinnabar,  gold. 

Mono  Co! — ^Partzite. 

Monterey  Co. — Alisal  BGne,  arsenic ;  near  Paneches,  chalcedony  ;  New  Idria  mine,  cin- 
nabar ;  near  New  Idria,  chromite,  saratite,  chrome  garnet ;  near  Pacheco^s  Pass,  stibnite. 

Nevada  Co. — Oraau  Valley,  gold/  in  qnartz  veins,  with  pyrite,  cholcopyrite,  blende, 
aisenopyrite,  galenite,  quarU,  biotite ;  near  Trackee  Pass,  gypsum  ;  Excelsior  Mine,  molyb* 
denite,  with  molybdenite  and  gold  ;  Sweet  Land,  pyrolumte. 

Placeb  Co.~Miner*B  Bavine,  epidoU/  with  quarts^  gold, 

Plumas  Co. — Genesee  Valley,  cbalcopyrite ;  Hope  mines,  bornite^  sulphur. 

Santa  Barbara  Co. — Ban  Amedio  Canon,  stibnite,  asphaltum,  bitumen,  maltha,  petro* 
leum,  cinnabar,  iodide  of  mercury  ;  Santa  Clara  Biver,  sulphur. 

SanDieoo  Co. — Carisso  Creek,  gypsum  ;  San  Isabel,  tourmaline,  orthoclase,  g^amet. 

San  Francisco  Co. — Bed  Island,  pyrolusite  and  manganese  ores. 

Santa  Clara  Co. — ^New  Almaden,  cinnabar^  caleite^  aragoniUy  serpentine,  chrysolite, 
qoartz,  aragotite ;  North  Almaden,  chromite ;  Mt.  Diabolo  Baiige,  magneaite,  datolite,  with 
vesuvianite  and  garnet. 

San  Luis  Obispo  Co.— ^Asphaltum,  cinnabar,  native  mercury. 

San  Bernardino  Co. — Colorado  Biver,  agate,  trona ;  Temescal,  cassiterite ;  Buss  Din- 
trict,  galenite,  cerussite  ;  Francis  mine,  cerargyrite. 

Selasta  Co. — Near  Shasta  City,  hematite,  in  larg^  masses. 

Siskiyou  Co. — Surprise  VaJley,  selenite,  in  large  slabe. 

Sonoma  Co. — Actinolite,  garnets. 

Tulare  Co. — Near  Visalia,  magnesite,  asphaltum. 

TuoLTMNB  Co.— Tourmaline,  tremolite;  Sonora,  graphite;  York  Tent,  chromite;  Qolden 
Bole  mine,  peUite^  ealaverite^  altaite,  hessite,  magnesite,  tetrahedrite,  gold ;  Whisky  Hill 
gold/ 

Trihitt  Co. — Cassiterite,  a  single  specimen  found. 

LOWBB  CALIFOBNIA. 
La  Pax.— Ouprosoheelite.    Lorbtto.— Natrolite,  siderite,  seJenite. 

UTAH. 

Bbater  Co  — Bismuthinlte,  bismite,  bismutite. 

TiNTic  District. — At  the  Shoebridge  mine,  tiie  Dragon  mine,  and  the  BCammoth  vein, 
enargite  with  pyrite. 

Box  Elder  Co.— Empire  mine,  wulfenite/ 

In  the  Wahsatch  and  Oquirrh  mountains  there  are  extensive  mines,  especially  of  ores  d 
lead  rich  in  silver.  At  the  Emma  mine  occur  galenite,  cervantite,  cerussite,  wulfenite, 
asurite,  malachite,  calamine,  anglesite.  linarite,  sphalerite,  pyrite,  argentite,  stephaaite, 
•to.     At  the  Lucky  Boy  mine,  Butterfield  Cafion.,  orpiment,  realgar. 

One  hundred  and  twenty  miles  south-west  of  Salt  LtBike  City,  topoM  has  been  found  in  color* 
loss  oryitals. 

NEVADA. 

Oabson  Valley.— Chxysolite. 

Churchill  Co. — Near  Bagtown,  gap-lua'U^  trona,  oommon  salt 

OOMSTOCK  Lode. — Gold,  native  iilver,  argerUUe^  eUphcmite,  polgbmite,  pyrargyrite,  proaa 
tite,  tetrahedrite,  cerargyrite,  pyrite,  chaloopyrite,  galenite,  blende,  pyromorphite,  allemav 
%te,  artendite,  (fuarfes,  oalntte,  gypsum,  osmsslto,  ovprifts,  wolfeoite,  amethyst»  kflsteUke. 

32 
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Sbmbbalda  Co. — Alom,  12  m.  north  of  Silver  Creek ;  at  Anzora,  fluorite,  stibnite ;  — 
Mono  Lake,  native  oopper  and  cuprite,  obsidian ;  Columbus  distzict,  ulexite  ;  Walker  JLake, 
gypsum,  hematite  ;  Silver  Peak,  sait^  saltpetre,  sulphur,  silver  ores. 

Humboldt  District. — Shebamine,  native  siiter,  jamesonite^  stionlte,  tetrahedrite^  proot 
tite,  blende,  cerassite,  calcite,  boumonite,  pyrite,  galenite,  malachite,  zanthooone  (?) 

Mammoth  District. — Orthodcue^  turquois,  huhnerite^  scheelite. 

Reese  River  District. — Native  silver,  proustite^  pyrarffyrite^  stephanite,  blende,  po]j 
basite,  rhodochrosite.  embolite,  tetiahedriU!  oerargyrite,  embolite. 

San  Antonia. — Belmont  mine,  stetefeldtite. 

Biz  Mile  CaSon. — delenite. 

Obmbbt  Co.—- W.  of  Carson,  epidote, 

Btoret  Co. — ^Alnm,  natrolite,  soolesite. 

ARIZONA. 

On  and  near  the  Colorado,  gold,  silver,  and  copper  mines;  at  BUI  Williams*  Fork,  oluj* 
■ooolla,  malachite,  atacamite,  broohantite ;  Dayton  Lode,  gold,  fluorite,  oerargyrite  j  SkkuMi 
Lode,  octahedral  fluorite ;  at  various  places  in  Uie  southern  part  of  the  territozy ,  silver  and 
copper  mines ;  Heintselmann  mine,  itrcmeyerUe,  chalcocite,  tetrahedrite,  atacamite.  Hontp 
gomezy  mine,  Uarsayampa  Dist ,  tetradymite.     Whitneyite,  in  Southern  Arixona. 


OREGON. 

Gold  is  obtained  from  beach  washings  on  the  southern  coast ;  quarts  mines  and  placet 
mines  in  the  Josephine  district ;  also  on  the  Powder,  Burnt,  and  John  Dajr^s  rivers,  and  othei 
places  in  eastern  Oregon ;  platinum,  iridoemine,  laurite,  on  the  Rogue  River,  at  Port  Oxford, 
and  Cape  Blanco.     In  Cuny  Co. ,  priceite. 

IDAHO. 

Id  the  Owyhee,  BoIm,  and  Flint  districts,  pM^  also  extensive  silver  mines ;  Poor  Man  Lode, 
MrargyrUe/  prausUUy  pyrargyrite  I  native  silver^  goUi,  pyromorphite,  quan*s,  nudaohite  • 
pdlybci^te;  on  Jordan  Creek,  stream  tin;  Rising  Star  mine,  stephanite^  argentite^  PJT^^iJ 
xite. 

MONTANA. 

Many  mines  of  gold,  etc.,  west  of  the  Missouri  R.    Highland  DiflnucT. — Tetradymite 
BiLYEB  Stab  Dist.— Psittadnito. 

In  the  Yellowstone  Park,  in  Montana  and  Wyoming  Territories. — OeyseriU, — AmeiM§9t 
tMalcedtmy,  quarts  crystals,  quarts  on  calcite,  etc 


COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Boulder,  Gilphi,  Clear  Creek,  and  Jefferson 
Cos.,  on  a  line  of  country  a  few  miles  W.  of  Denver,  extending  from  Long*s  Peak  to  Pike*a 
Peak.  A  large  portion  of  the  gold  is  associated  with  veins  of  pyrite  and  ohalcopyrite ;  sQver 
and  lead  mines  are  at  and  near  Georgetown,  Clear  Creek  Co.,  Kod  to  the  westwud  in  Sum- 
mit Co.,  on  Snake  and  Swan  rivers. 

At  the  Georgetown  mines  are  found :— native  silver,  pyrarvyrite,  argentite,  tetrahedrite, 
pyromorphite,  galenite,  sphalerite,  azurite,  aragonite,  barite,  miorite,  mica. 

Trail  Crbkk. — Garnet,  epidote,  hornblende,  chlorite ;  at  the  Freeland  Lode,  tetrahedrite^ 
tennantite,  anglesite,  caledonite,  oerussite,  tenorite,  siderite,  azurite,  minium  ;  at  the  Cham- 
pion Lode,  t«morite,  azurite,  chrysocolla,  Uialachite ;  at  the  Gold  Belt  Lode,  vivianite ;  at 
the  Kelly  Lorle,  tenorite ;  at  the  Coyote  Lode,  malachite,  cyanotriohite. 

Near  Black  Hawk.— At  Willis  Gulch,  enargite,  fluorite,  pyrite ;  at  the  Gilpin  CoiiBt^ 
Lode,  oerargyrite  ;  on  Gregory  Hill,  feldspar;  North  Clear  Creek,  lievrite.— ^olenilSf/ 

*  Bee  the  Catalogue  of  Minezak  of  Colorado  by  J.  Alden  ftmith. 
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BsAm  Crbek.— Floorite,  beiTl;  near  the  Malachite  Lode,  walaehUe^  cupriU,  feaiiftanitc^ 
topaeolite ;  Liberty  Lode,  chaloocite. 

Snake  Riteb. — Penn  District,  embolite;  at  aeTeral  lodee,  pyrargyrite,  natiTe  aflTor, 
azarite. 

BU8SELL  District. — ^Delaware  Lode,  ekaieopifrtte,  ccystallited  ffalmite. — Epidote,  pyiitA 

ViKOiNTA  Ga^on. — Epidote,  tinorite ;  at  the  Cryntal  Lode«  native  silver,  npineL 

Sugar  Loaf  District. — Ghalcocite,  pjrrhotite,  garnet  (manganesian). 

Central  Citt. — G^amet,  tenorite ;  at  Leavitt  Lode,  molybdenite;  on  QunneU  Hill,  maf 
netite  ;  at  the  Pleaaantview  mine,  oerassite. 

Golden  Citt. — Aragonite. 

Bergen^s  Ranchb. — Garnet,  actinolite.  caloite. 

Boulder  Co.,  Red  Cloud  Mine. — Native  tellnrinm,  altaite,  headte  (petslte),  «yl?Mkite, 
oaiavarite,  schirmerite. 

Laxx  Citt,  at  the  Hotchldsa  Lode.— Petsite,  calaverite  (?),  eto. 

PiRE*8  Peak,  on  Elk  Creek. — Afnnwmtone  !  !  itmoky  ^uarU/  atentuHM  fMtp&t^  vmm 
fthyst»  aUnle^  fluorite,  hematite,  anhydrite  (rare),  oolnmbite. 

CANAQA. 

UANADA  BA8T. 

Abbrcrombie.  —  Labradorite. 

Bat  St.  FavJj.  ^Menna^canite/  apatite,  allanite,  mtile  (or  brookite  f) 

AUBEBT.  — Gk)ld,  iridosmine,  platinum. 

BojjTom.  —  Chromite.  magnente^  serpentine,  pioroUte,  steatite,  bitter  spar,  wad. 

BoucuEBVTLLB. — AuffUs  in  trap. 

Brohk. — Magnetite^  chaloopyrite,  iphene^  menaocanite,  phyllite,  sodalite,  oancrialta^ 
galenite,  chloritoid. 

Chaxbly.— Aoalcite,  chabasite  and  caldte  in  trachyte,  menaeeaniUe, 

Chateau  Richer. — LabradoriU^  Mypertthme^  andesite. 

Datllebout. — Bine  spinel  with  olintonite. 

Grenyillb.— Wollastonite,  tpfune,  vesuvianite,  oalcite,  pyroiene,  steatite  (rensMlaettlt), 
fonut  (cinnamon-stone),  Hreon^  graphite^  ieapoUte. 

Uah. — Chromite  in  serpentine,  diallage,  antimanjf  /  $ennrrmmiiU  /  ktrmfMUt^  pnlmtMi% 
■tibnite. 

IirvERNEsa — Variegated  copper. 

Lake  St.  Francis. — Andalitsite  in  mica  slate. 

Lavdsdo  WN.  ^Barite. 

Leeds. — Dolomite,  chalcopyrite,  gold,  fJthrUM. 

Mills  Isles. — Labrad/rriU  !  menaocanite,  hypersthene,  andesite,  tire/m. 

Montreal. — CalcUe^  augit€,  sphene  in  trap,  chrysolite,  natrolite,  dawsonite. 

MoRiN. — Sphene,  apatite,  labradoriU. 

Orford. — White  garnet,  chrome  garnet^  mUlerite^  serpentine. 

Ottawa— 'Pgroxene, 

PoLTON. — Chromite,  iteatite^  serpentine,  amianthus, 

Bougemont.— Angite  in  trap. 

Sherbbook. — At  Saffield  mine,  atbite  !  naUw  tUter,  aifsntite,  ohalcopytlte,  blr adt, 

St.  Armand. — Xicaoeons  iron  ore  with  qoarts,  epidote. 

St.  Francois  Beauce.  — Gold,  platinam,  iridcwmiae,  meoaccanite.  magnetite,  serpentlM^ 
^iromite,  soapstone.  barite. 

St.  Jerome. — Sphene.  apatite,  chmdrodUe^  phhgapUe,  ttmrmaUne,  tir&m^  molybdeafte, 
pjrrhotite. 

St.  Norbebt.  ^Aiaethyst  in  neenstooe. 

Stukelet. — Serpentine,  terd-antique  /  schfflertpMr. 

BVTTOV. —Magnetite  in  fine  crysUls,  hematite,  rui/Ue,  dotoatfte,  md$gnmU4t  ehrofliiftVMtf 
Cafe,  bitter  spar,  steatite. 

Upton.— <Jhaloopyrite,  malaebite,  calelte* 

Vaudreuil.  —  Limooite,  Tirianile. 

TaMAiXA.— Sphene  in  tnp. 

CANADA  wmn. 

Abjifbior.  — Calcite. 

BAUiAM  hAmz,^MolphdetUts,  scapolltt«  dturtc,  wrwMmmt  nriiu. 
BBABTroRD.'Uvlphaiie  aeid  si^rig  '4-2  paite  *4  pnm  Milptoiifii  »MA  in  itM), 
BATVinuT.— Baffl«,  Uadk  t9urm4Uu»€.  perthUs  (mikmUmj^  p$HtiwU$  (alWto^ 
witooaltt;.  BMiwilte  ^**^^^--  titiaalte. 
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Bbockyille.— Pyiito. 

Brome.— Magnetite. 

Bbucb  Mc^a — CaldU,  dolomite,  quarts,  duJoopyrite. 

BuRassa — Pyroxent,  albite,  mica^  sapphire,  aphene,  cfaaloopjrite,  ttpaHU^  Htuk  tpiUdt 
it|K)damene  lin  a  boulder),  aerpentine,  biotite. 

Bttown. — ColeitSy  bytownUe^  (^ondrodlte,  spinel 

Cape  Ipperwash.  Lake  Huron. — Oxalite  in  shales. 

CLAREinx)N. —  VeturianUe. 

Dalhouste. — Hornblende,  dolomite. 

Drumxitnd.  — Labradorite. 

Elizarbthtown.  —PyrrkotUe,  PV^^t  caldte,  magnetite,  talc,  phlogopite,  siderite,  ap» 
tite,  cacoxenite. 

Elmset. — Pyroxene,  sphene,  feldspar,  tourmaline,  apatite,  biotite,  sircon,  red  spinel, 
ebondrodite. 

FiTZROT. — Amber,  brown  tourmaUne,  in  quarts. 

G<ETiKEAn  BiYER,  Blasdell's  Mill8.---Galcite,  apatite,  tourmaline,  hornblende,  pyxoxeoo. 

Grahd  Calumet  Island. — Apatite,  phlogopite  /  pyroacene  I  sphene,  tetuvianiU  I  /  serpi' 
tine,  tremolite,  seapalite,  brown  and  black  tourmaline  !  p3rrite,  loganite. 

High  Falls  of  the  Madawaska. — Pyroxene!  hornblende. 

Hull. — Magnetite,  g^amet,  graphite. 

HunTTERSTOWN. — J^poHte,  spltene,  yesuvianite,  garnet,  brown  tourmoHnel 

HUKTINGTON. — Caldte! 

Inkiskillek  .  — Petroleum. 

K  £NOOTON. — CelesUte. 

Lac  DR8  Chats,  Island  Portage. — Brown  tourmaline!  pjrite,  caldte,  quaitb 

Lanark. — Baphilite  (hornblende),  serpentine,  asbestus. 

Landstown. — Barite!  rein  27  in.  wide,  and  fine  crystals. 

M  ADOC.  — ^Magnetite. 

M  AMOR  A. — Magnetite,  chalcolite,  garnet,  epsomite,  specular  iron. 

Matmanbe. — Pitchblende  (coracite;. 

McNar. — Hematite,  barite. 

MrcHiPiooTEN  Island,  Lake  ^\r^T\ox.'~Domeykite,  nieeolite,  genikiUt 

Newbobough. — Chondrodite,  graphite. 

P  AC  KENHAM .— Hornblende. 

Perth. — Apatite  in  large  beds,  phlogopite. 

Sooth  Crosby. —Chondbrodite  in  limestone,  magnetite. 

St.  Adkle. — Chondrodite  in  limestone. 

St.  Ionace  Island. — Caldte,  native  copper. 

Stdbhham.  — Celestite. 

Terracb  Cove,  Lake  Superior. — ^Molybdenite. 

Wallacs  Mine,  Lake  Huron. — Hematite,  nickel  ore,  nickel  ritrioL 

NEW  BRUNSWICK.* 

Albxbt  Co. — Hopewell,  gypsum ;  Albert  mines,  coal  (albertite) ;  Shepody  MogntaaUt 
n1  unite  in  day,  (ndcite,  iron  pyrites,  manganite,  psilomelane,  pyrdusite. 

Carlbton  Co. — ^Woodstock,  chaloopyrite,  hematite,  limonite,  wad. 

Charlotte  Co.  —  Gampobello,  at  Welch  pool,  blende,  chalcopyrite,  bomite,  galenfte, 
pyrite ;  at  head  of  Harbor  de  Lute,  galenite  ;  Deer  Island,  on  west  side,  caldte,  magnetite, 
quarts  crystals;  Digdignash  Biver  on  west  side  of  entrance,  caldte!  (in  oonglomezate). 
chalcedony ;  at  Boiling  Dam,  graphite ;  Grandmanan,  between  Northern  Head  and  Dark 
Harbor,  agate,  amethyst,  apophyllite^  caldte^  hematite,  heulandite,  jasper,  magnetite,  natio- 
lite,  stUbite;  at  Whale  Cove,  caldte  !  heulandite,  laumontite,  stilbite,  eemi-opal!  Wagigu** 
davic  Biver,  at  entrance,  azurite,  chalcopyrite  in  veins,  malachite. 

Gloucester  Co. — Tete-a-Gouche  River,  eight  miles  from  Bathurst,  chaloopyrite  (mhifld), 
ooddecfmanganeee!!  formerly  mined. 

Kings  Co. — Sussex,  near  Cloat^s  mills,  on  road  to  Belleisle,  argentiferous  galenite :  OM 
mile  north  of  Baxtez's  Inn,  epeeular  iron  in  crystals,  limonite ;  on  Gapt.  McCready*8  nEB, 
mimUeH 

BBflTioouciiE  Co. — Belledune  Point,  caldte!  terpentine^  verd-anHgue ; 'ThXhonatiej  affttto, 
wrndijin 

*  For  a  more  oomplete  Ust  of  localities  in  New  Brunswick,  Nova  SooiiA,  and  Newfcwad 
kad,  see  catalogue  1^0.0.  Manh,  Am.  J.  Sd.,  II.  xxxr.  210,  1863. 
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po^afe  in  qfoartz  TOUft.  cfalonte  in  ai^illaoMtts  aiidi  ii}oo»  sbie;  UOi^  ^^^if^^^  Sm^ot.  <«. 

Ite,  bbck  umrmalioe :  Moaqnash.  on  ens^t  siSe  ^ax^wr.  «g>ffwgJHs  $n«klliK  |t5Ti«^  ;  *2 
dX  chrrMiite,  aerpentine ;  east  ade  of  Jfanqmaik.   ^itmru  nrj^^MkJ  :  ^M^bati^,   *^ 
tlie  Falla,  gnphite ;  at  F<nt  Hove  HBt  m^iiU^  srapka^ :  Cnw^^  X<«Qs  aiJ^inttUs  MfT^nvtV/'. 
angnetite.  t^rj^htiHe,  steatite ;  Lilr  Lake«  vhitie  aa^te?  ohs^VJiSsiie^  i:ni|>i&a3liK  iiM|^(ib<aivK> 
itnalite.  talc;  Hov^tf  Boad,  two  milea  ont^  epSdote  lin  ^rendte^,  fOnatili^  in  HxbMQiMMk  7/rr*n^' 
liU;  Dnny's  Core,  gxnphite,  prrite,  pjniiolite  ?  tnduafeed  mfe ;  <(>aa<Mv.  at  t^e^tb^^^fi^  I^mkiI^ 
laise  bed  oxjd  of  manganese ;  Sb^don's  Poinlw  «cdnoiit«.  artiesSHk  <«ki(l»k  <piNlf«^  ^M^ 
cii^e,  qyecolar  iron ;  Gape  Spenser,  anhfutaw.  oakite;^  i^kune.  ^^tftmUBt  in*n  (ta  <«;(^f«ii)<s  ; 
Weatfoeadu  at  east  end,  on  Eraiu *  farm,  cfalome.  tai<x  %[%Mwtt  twf/t0Mk  c  baJf  a  «aS)i^  w^Mtv 
rhlorfte.  dialoopTzite,  magnestte  Teinl  magnetite ;  Pomt  Woif  aai  Sihn«n  Rh«ft«  4tfjSflKI«(^ 
dilnrite,  diz780ooLla«  chaloopjrite,  bomite,  pjziie 

YlcromiA  Oa — ^Tkfaiqae  RiTer.  aff<iU^  earm^^mm.  jasper;  at  mcnslu  iiMit&  sMe^  |[a3««^ ; 
at  Bcath  of  Wapskanegan,  gjpsam.  salt  spring ;  tiiM  mflea  aboT««  siaUacni^Mi  yibiwHilt.^; 
Qoisabis  Rirer,  bine  pbospbate  of  iron,  in  <daT. 

Westmorelaicd  Co.— Belleme,  pjrite;  Daroester,  on  TV^otVk  fam.  cawaol  cwd;  «ft9i5 
ironstone  ;  on  Ajzes's  fann,  asphaltnm,  petiolenm  spring ;  Qrandianoe.  aftttata.  i»l»nhife  \^ 
large  cfystals) ;  Memramoook,  coal  (albertite) :  Shediaft.  foor  miles  np  Scad«ia«  Biirtt;  OMil. 

York  Co. — Near  Fiederictaa,  stibnite,  jameaonite,  beitbiaite ;  PdIqoc^  Ktik;  aftlliwv^ 
tunplfriUtf  in  granite  (rare). 

NOVA  SCOTTA. 

AVNAPOLiB  Co.— Choie's  CoTe,  apajfhjfHiU^  natrolite*  Gat«B*  Moantain,  aenakit«^  m^ysiw^ 
tile,  me»^it^!  ruitroiits^  stilbite ;  MaxtiaCs  Core.  OMieite,'  obabastte,  kfUMJuM*  :  Mt^^Ms^ 
Rirer.  beds  of  magnetite ;  Nictan  River,  at  the  FalK  bed  of  hematite ;  Fuadi»*  Rirer,  bla<lc 
tocirmaliD<\  moky  quartz! !  ;  Port  Geoige,  fariWlite,  laomantite^  nmolite.  stUbiti^;  ea««  of 
Port  lieoige.  on  coast,  apophjllite  containing  grroUte ;  Peter's  ^int,  weat  side  of  Su>iMKtk>» 
Brook.  ajxipfiy^IiU  !  calcite,  henlandite,  iawmomtUs/  (abundant),  Batife  ecippw,  stilbite ;  ^ 
Croix  Cove,  chabaxite.  heulandite. 

CoLCHECTER  Co.— Fire  Islands,  East  River,  hariUf  oaldte,  doloMite  (ank«ri^\  bemati^ 
chaloopjrite ;  Indian  r'oint.  malachite,  magnetite,  red  copper,  tetrabedrite ;  Pinnade  I«landa^ 
analdU,  calcite,  chabaziu!  natrolite,  siliceoiia  sinter;  Londoodeny,  on  bnunob  of  Qreat 
Village  River,  bartU,  ankerite,  hematite,  limonite.  magnetite;  Cook's  Bxviok.  ankerile^  benu^ 
fcite;  Martin's  Brook,  hematite,  Umonite;  at  FoUy  Rirer,  below  FaUa,  ankerite^  pjrite;  (« 
h^  land,  east  of  river,  ankerite,  hematite,  limonite ;  on  Andiibald^s  land,  ankerite,  inwHt^ 
hematite;  Salmon  River,  sontii  branch  of,  chaloopjrite,  hematite;  Shubenaoadle  Rivet, 
anbjdrite,  calcite.  barite,  hematite,  oxide  of  manganese ;  at  the  Canal,  pvrite ;  Slewiadce 
River,  barite  ;in  limestone). 

Cumberland  Co. — Cape  Chiegnecto.  barite;  Cape  D'Or,  ana/eit4^  {tpiipk$Hfii* S f  diabe* 
site,  faroelite.  laomontite,  meaoHU^  malachite,  nntrc^ite^  natit^  <>oppfr^  ob^dian,  led  copper 
(rare).  viTianite  (rare) ;  Horse- shoe  Cove,  east  side  of  Cape  D*Or,  analdte,  (Alcite,  stilbite ; 
Isle  Hante,  south  side,  analcite,  apophylliU/  /  calcite,  henlan^it^/  /  natrolil^  mesulito,  M- 
bite  /  Joggins,  coal,  hematite,  limonite ;  malachite  and  tetrahedrite  at  Seaman^s  Brook : 
Partridge  Island,  analdte,  apapfiylUie!  (rare),  aineihyU!  agate,  apatite  (rare),  fnkiUi: 
ChAbezite  (acadialite).  chalcedony,  catVeye  (rare),  gypsnm,  hematite,  A^w/^iNrfiif^  /  magne* 
tite,  9tUbiU!  !  ;  Swanks  Creek,  west  side,  near  the  Point,  caldte,  gypsum,  hndanditt^  pyrite : 
east  side,  at  Wasson's  Bluff  and  vicinity,  analciU!  !  apophyiUU!  (rare,  eahite^  ekib*U4t4^// 
(acadialite),  gypsum,  hruiandilef  /  natrofite/  siliceous  sinter;  Two  Islands,  moss  agate, 
analdte,  caldte,  chabazite,  heulandite  ;  McKay*s  Head,  analdte,  caldte,  heulandite,  *iH0$om 
BhUerf 

DiOBT  Co. — Brier  Island,  native  copper,  in  trap;  Digby  Neck,  Sandy  Cove  and  Tioinilj 
Offote^  amelhy^t^  caldte^  ehabnzite^   hematite/    iaumotitite  (abundant\  magnetite,  MtitbiU. 
quartz  crystiUs ;   Gulliver's  Hole,  magnftite,  etUbite ! ;  Mink  Cove,  amethyst,  «Aatefil#i  / 
qnartz  crystals;    Nichols  Mountain,  south  side,  amethyet^  magnetite! ;   Williams  Bxockk, 
tear  source,  chabazite  (green),  heulandite,  stilbite,  quarts  oryvtaL 

GuYSBORO'  Co. — Cape  Cansesu,  andaltieite. 

Halifax  Co. — Gay*s  river,  g^enite  in  limestone ;  southwest  of  Halifax,  garnet,  staurolite, 
trmrmaline:  Tangier,  gold!  in  quartz  veins  in  clay  slate,  assodated  with  aarif^us  pyritea, 
galonite,  hematite,  mispickel,  and  magnetite ;  gold  has  also  been  found  in  the  same  tormi^ 
Hon.  at  Country  Harbor,  Fort  Clarence,  Isaac's  Harbor,  Indian  Harbor,  Laidlow'a  farsi 
Jjawrencetown,  Sherbrooke,  Salmon  River,  Wine  Cove,  and  other  places. 
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Hants  Ck>. — Ghererio,  oxide  of  manganase  (in  limestone) ;  Petite  River,  gypeoin,  oziile  oi 
manganeee ;  Windsor,  oalcite,  oryptomorphite  (boronatrocalcite),  howlite,  glauber  wilt.  The 
last  three  minerals  are  found  in  beds  of  gypsum. 

Kings  Ck>. — Black  Rook,  centrallassite,  cerinite ;  oyanolite ;  a  few  miles  east  of  Black 
Rock,  prehnite  V  stiibite  /  ;  Gape  Blomidon,  on  the  coast  between  the  cape  and  Gape  Split, 
the  following  minerals  occur  in  many  places  (some  of  the  best  localities  are  nearly  opposite 
Gape  Sharp) :  analeUe!  I  agate,  amMViyst!  apophylUte!  caloite,  chalcedony,  chabazite,  yme' 
Unite  (ledererite),  hematite,  fieulancUte!  laumontite,  magnetite,  malachite,  nieHolite^  native 
oopper  (rare),  natroiite  /  psilomelane,  stiibite  !  thomnonite.  f aroelite,  quartz;  North  Moun- 
tains, amethyst,  bloodstone  (rare),  fefittiginoue  quartz,  meeolite  (in  soil) ;  Long  Point,  five 
roiks  west  of  Black  Uockj /leuiaridite,  laununUite//  stUbite! !  ;  Morden,  ajhophyUite,  mor- 
deiiite  ;  Scot^s  Bay,  agate^  amethyst,  chalcedony,  mesolite,  natroiite  ;  Wood  worth's  Gove,  a 
few  miles  west  of  Soot's  Bay,  agate  /  cfuilcedony  !  jasper. 

LuKKNBURO  Go. — Ghester,  Gold  River,  gold  in  quartz,  pyrite,  mispickel ;  Gape  la  Have, 
pyrite ;  The  '*  Ovens,'*  gM,  pyrite,  arsenopyrite ;  Petite  River,  gold  in  slate. 

PICTOU  Go. — Pictoa,  jtt,  oxide  of  manganese,  limonite  ;  at  Roder's  Hill,  six  miles  west  oi 
Pictou,  barite ;  on  Giirribon  River,  gray  copper  and  malachite  in  lignite ;  at  Albion  mines, 
ooal,  limonite  ;  East  River,  limonite. 

Queens  Go. — Westfield,  gold  in  quartz,  pyrite,  arsenopyrite ;  Five  Rivers,  near  Big  Fall, 
gold  in  quartz,  pyrite,  arsenopyrite,  limonite. 

Richmond  Go. — West  of  Plaisler  Gove,  barite  and  caldte  in  sandstone ;  nearer  the  Gon^y 
oalcite,  ftuorite  (blue),  siderite. 

SnELBURNE  Go. — Shelbume,  near  mouth  of  harbor,  garnets  (in  gneiss);  near  the  town, 
rose  quartz  ;  at  Jordan  and  Sable  River,  utauroUte  (abundant),  schiller  spar. 

Stdnet  Go. — Hills  east  of  Lochaber  Lake,  pyrite,  chalcopyrite,  sideride,  hematite  ;  Mor- 
listown,  epidote  in  trap,  g^-psum. 

Yarmouth  Go. — Gream  Pot,  above  Granberry  Hill,  gold  in  quartz,  pyrite;  Gat  Rook, 
Fouchu  Point,  asbestus,  oalcite. 

NEWFOUNDLAND. 

Antony's  Island.— Pyrite, 

Gatalina  Harbor. — On  the  shore,  pyrite  ! 

Ghalky  Hill.— /i'Vrfspar. 

GOPPER  Island,  one  of  the  Wadham  group. — Chalcapyrits, 

OoNCEPTiON  Bay. — On  the  shore  south  of  Brigus,  bornite  and  gray  oopper  in  trap. 

Bay  of  Isl.vnds. — Southern  shore,  pyrite  in  slate. 

Lawn. — Ga'enile,  ctrargyrite,  jri'mistite^  argentite. 

Plackntia  Bay. — At  La  Blanche,  two  miles  eastward  of  Little  Southern  Harbor,  p //c;ut€  *  ; 
mi  the  opposite  side  of  the  isthmus  from  Placeutia  Bay,  barite,  in  a  large  veio,  occasioni  Jj 
sncomponied  by  chalcopyrite. 

Shoal  Bay. — South  of  St.  John's,  chalcopyrite. 

Trinity  Bay.— Western  extremity,  barite. 

Ea&uob  Great  St.  Lawrence.— West  side,  fiua;le,  galente. 
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SUPPLEMENTARY    CATALOGUE    OF    AMERICAN    LOCALITIES 

'  OF    MINERALS. 

MAIKE. 

Norway. — Triphylite  (lithiopbilite),  chrysoberyl,  cookeite. 

Paris.— Columbite,  mica,  tnpbylite. 

PARSOXFTET.D. — LabfiMiorite,  crystallized. 

Peru. — Triphvlite  (crvstallizcil),  columbite.  beryl,  spodumene. 

Sit>!CBUAM. — Triplite,  columbite,  topaz,  corred  mica. 

NEW  HAKPSHIBE. 
Bartlett. — At  the  iron  mine,  diinalite. 

MASSACHUSETTS, 

Deerfield. — In  diabase,  rlatolite.  stilbite,  chabazite,  prehnlte,  bealandite,  natrolite, 
analctte,  calcite.  fluorite.  aJbite.  eriidrite,  axlnite,  toarmaluie,  diahuitit«,  Mpoixite,  ebkiro- 
plupite,  kaolin,  pyrite,  malachite,  ilmonite,  wad, 

RorKPOKT.  — rergusonite. 

COXXECTICUT. 

BRASCHTnxE.— In  a  large  rein  of  fjegmatite  in  gnei»,  mka  (cnrrfd  ooooentric « mkirKrlsoe, 
albite  (also  crystallized),  cjuartz  (imrki^ing  liquid  COA  i^jdumene  aiKl  rmrvna  aJtenUiMi 
producis  (eocfTjitite.  cymatolite.  killinit^,  et/.t  colomMte.  AfmXiU:  (aljio  mmnt^MnmimtiUt % 
amblr^niie.  hthiof^hilite.  eos^fhoriU',  triplMdite.  dUskin^tr/tUr,  r^iin^it^  lairMdite. 
liliowit^r.  rhofiochrcf^t^^.  urmDinite  (crystaij) ,  cyrolite,  mk^nAiVt,  ursmam  pbri»(4iat4% 
ehabazite.  «:ilbite.  In-uiandite  ami  other  «peci^^ 

LrrcHFTELi*. — Staorr^lit^  in  mi^-a  «y'hwt 

New  Hates. — At  Mill  Korrk.  (.fttiXMfH  waiiiMf^  of  trap  and  eaiyljrt/me«  fOurwA  (topmifAiUi); 
at  Eaat  K^jr-k.  on  coltnunar  mrUyftOi  of  trmfi,  piniet  tfmelan itc ',  magnetite,'  yrwieot,  mfmiii^ 

PoKTLA5D.— At  Fehoti's  fel«li>pfer  cparry.  mir>iiazit«', 

NEW  YOlilC 

CLINT^'N  f'^. — Platt*k»-«a-  tju^stK  of  plaiinnin  :n  drift 

EriSEX   <*» — Port  Hexky.  bla/rk    tmrn^in^  eo^jfji^ssi^  rjrihfM:}^^:  Cbamplaisi  mm 

ST.  LA^'hy:yrKf'0  -I>eKal«,  » h:^/- t/jcnniliMr, 

PirTAiR',^ — T-rjirjit>- 

Bt'«*Ei:L  —  li  Tuii*  jn  a  gnniiu  rx-k.  dMibari**  xrti  j^tt^x*^^  uuujXjc,  Uadic 

NEW  JERSEY 

Bwco. — HnyeMiK- 

Ml 
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PENNSYLVANIA. 

BEDFORD  CO.— Beidgepoet,  barite. 

BERKS  CO. — Jones's  mine,  aurichalcite,  melaconite,  byssolite. 
BUCKS  CO. — Phenixville,  ankerite. 
Bridgewater  Station. — Titanite. 
CHESTER  CO.— Yellow  Springs,  allanite. 

DELAWARE  CO.— Water ville,  near  Chester,  and  Upland,  chabazite. 
Mineral  Hili^  columbitc. 

Leiper ville,  garnet,  zoisite,  heulandite,  leidyite. 
FRANKLIN  CO.— Lancaster  Station,  barite. 
HUNTINGTON  CO.— Broad  Top  Mountain,  barite. 
LEHIGH  CO. — Shimerville,  corundum. 

LUZERNE  CO.  — ScRANTON,  under  a  peat-bed,  phytocoUite  (dopplerite). 
Drifton,  pvrophyllite. 
MI PFLIN  CO.-Strontianite. 

MONTGOMERY  CO.-  -Upper  Salford  mine,  azurite. 
NORTHAMPTON  CO.— Bethlehem,  axinite. 
PHILADELPHIA  CO.— Germantown,  fahlunite. 

SCHUYLKILL  CO.,  near  Mahanoy  City,  pjrrophyllite,  alunogcn,  copiapite,  in  coal 
mines. 

DELAWARE. 

Dixon's  Quarry.— Columbite. 

Newark. — Quartz  crystals,  doubly  terminated,  loose  in  soil. 

VIRGINIA. 

AMELIA  CO.— From  a  granite  vein  (mica  mine)  in  gneiss  near  Amelia  Court  House,  mica 
in  large  sheets,  miartz,  orthoclase,  microlite,  monazite,  columbite,  orthite,  helvite  with 
topazoiite,  beryl,  nuorite,  amethyst,  apatite  (rare). 

AMHERST  CO. — From  a  feldspar  vein  in  a  gneissoid  rock  on  the  northwest  slope  of 
Little  Friar  Mt.,  allanite,  sipylit*,  magnetite,  zircon. 

ROCKBRIDGE  CO.— Underiying  limonite,  dufrenite  in  an  irregular  bed  ten  inches 
deep,  strengite  in  cavities  in  dufrenite. 

WYTHE  CO.— Austin  mine,  aragonito  (7  p.  c.  PbCOs). 

NORTH  CAROLINA.* 

Alexander  Co. — Near  Stony  Point,  in  narrow  veins  or  pockets  in  a  gneissoid  Pock  (in 
part  also  loose  in  overlying  soif),  spodumenc  (hiddenite),  beryl  (emerald),  rutile,  monazite, 
allanite,  quartz. 

At  White  Plains,  ({uartz  crystals,  spodumene  (hiddenite),  beryl,  rutile,  scorodite. 
columbite.  tourmaline. 

At  Milholland's  mill,  rutile,  monazite.  muscovite,  quartz. 

Burke  Co. — In  the  auriferous  gravels  at  Brindletown,  octahedrite  (transpHrent),  brookite, 
zircon,  fcrgusonite,  monazite,  xenotimc  (compounded  with  zircon),  garnet,  tourmaUne, 
magnetite  and  other  sptK'ies. 

Mitchell  Co. —  At  the  mica  miners,  muscovite  in  large  quantities,  orthoclase,  albite, 
samarskite,  columbite,  hatchettolite.  mgersite,  fcrgusonite.  monazite,  uraninitc,  gummite, 
phosphuranylite,  iiranotile,  allanite,  beryl,  zoisite,  garnet,  menaccanite. 

Yancey  Co. — At  the  Ray  mica  mine,  muscovite,  tantalite  (columbite),  monazite,  beryl, 
ganiet,  zircon,  rutile.  et<?. 

At  Hami)ton*s,  chromite,  epidote,  enstatite,  treraolite,  chrjsolite,  serpentine,  talc, 
magnesite,  etc. 

ALABAMA. 
COOSA  CO.— Cassiterite,  tantalite. 


*  For  a  complete  list  of  the  minerals  and  mineral  localities  of  North  Carolina,  see  Qeologj 
of  North  Carolina,  vol.  II.,  chap.  I..  Mineralogv  by  F.  A.  Genth  and  W.  C.  Kerr,  with 
note's  by  W.  E.  Hidden;  122  pp.,  8vo,  Raleigh,  1881. 
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MICHIGAN. 

Nbgauxee. — Manganite,  gOthite,  hematite,  barite,  kaolinite. 
Gkand  Ma&ais.— Thomsonite  (lintonite). 

MISSOURL* 

ADAIR  CO. — G5thite  with  calcite  in  concretionary  masses  of  clay  iron-6tone. 

BAHTOX  CO. — MeCarrow's  coal  bank,  pickeringite,  as  a  white  efflorescence  on  sandy 
shales  of  coal  measures. 

BENTON  CO  — Limonite. 

BOLLINGER  CO. — Limonite,  bog  manganese,  psilomclane. 

CALLAWAY  CO.— Hematite,  clay  iron  ore. 

CHARITON  CO  — Selenite. 

COLE  CO  — Barite.       At  the  Eureka  mines,  galenite,  smithsonite. 

COOPER  CO.  —Collins  mine,  malachite,  azurite,  chalcopyrite,  smithsonite,  galenite 
sphalerite,  limonite. 

CRAWFORD  CO. — Scotia  iron  banks,  hematite,  quartz,  jasper,  amethyst,  gOthite, 
malachite. 

DADE  CO.— Smithsonite. 

DENT  CO.— Simmon's  Mountain,  hematite. 

FRANKLIN  CO. — Cove  mines,  galenite,  cerussite,  anglesite,  barite. 

Mine-a-Burton,  galenite,  cerussite,  anglesite. 

Moselle,  limonite. 

Mount  Hope  mine,  galenite,  sphalerite,  calamine,  smithsonite. 

Stanton  Copper  mines,  native  copper,  chalootrichite,  malachite,  azurite,  chalcc^yrite. 

Virania  mines,  galenite,  anglesite,  cerussite,  minium. 

IRON  CO. — I*iLOT  KxoB.  hematite,  serpentine,  magnetite,  quartz,  manganese  ore. 

JASPER  CO. — Joplin  mines,  galenite,  sphalerite,  pyrite.  marcasite,  cerussite,  bitumen. 

Oron'ogo. — Galenite,  sphalerite,  cerussite,  smithsonite,  anglesite. 

Webb  Cmr. — Galenite,  sphalerite. 

JEFFERSON  CO.— Palmer  mines,  galenite,  cerussite,  plumbogummite. 

Valle  mines,  galenite,  cerussite,  anglesite,  calamine,  smithsonite,  hydrozincite,  mala- 
chite, azurite. 

MADISON  CO. — Enistein  silver  mine,  galenite,  sphalerite,  wolframite,  pyrite,  quartz, 
museovite,  actinolite,  fiuorite. 

MnfE-LA-MrjTTE. — Galenite,  linnjpite  (siegenite),  cerussite,  anglesite,  pyrrhotite,  earthy 
cobalt,  bog  manganese,  plumbogummite,  chalcopvrite,  annabergite. 

In  granites,  porphyries,  ete.,  quartz,  agate,  domblende.  asbestos,  serpentine,  chlorite, 
epidote,  feldspar. 

MONITEAC  CO  — Sampson's  coal  mine,  galenite  and  sphalerite  in  cannel  coaL 

MORGAN  CO  —Buffalo  mines,  galenite. 

Humes  Hill,  barite. 

NEWTON  CO.— Granby  mines,  galenite,  cerussite,  pyiomorphite,  calamine,  greeno- 
chite.  sphalerite,  smithsonite.  hydrozincite,  buratite,  dolomite,  caScite. 

PHELPS  CO  — Ilematitff,  siderite,  limonite.  ankerite. 

ST.  FRANCOIS  CO. — Iron  mountain,  hematite,  apatite,  tungstite,  wolframite,  magne- 
tite, menacc^nite. 

ST.  G EN P] VI EVE  CO. — St.  Genevieve  copper  mines,  chalcopyrite,  cuprite,  malachite, 
azurite.  covellite.  r-halcoeite.  bomite,  melacomte.  chalcanthite. 

ST.  IX)L'1S  CO.— St.  Louis.— In  cavities  in  limestone,  millerite,  dolomite,  calcite^ 
fluorite,  anhydite,  |?}'p6um,  strontianite. 

SALINE  CO. — Halite  in  incrustations. 

WAYNE  CO.— Limonite. 

KANSAS. 
BROWN  CO.— Celestite. 

ARKANSAS. 

Seyier  Co, — Stibnite.  stibiconite,  bindheimite,  jamesonite. 
Hot  SpRDfGS  Co. — R utile  in  eightlings,  variscite. 


See  Notes  on  the  Mineralogy  of  Missouri,  by  Alexander  V.  I/eon  hard,  St  Tx>ais,  1882. 
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COLORADO. 


Boulder  Co  — Magnolia  district  (especially  the  Keystone,  Mountain  Lion  and  Smug^let 
mines),  native  tellurium,  coloradoite,  caiaverite,  tellurite,  magnolite,  ferrotellunte, 
sylvanite. 

Chaffee  Co. — Arrow  mine,  jarosite  with  turgite. 

CusTEB  Co. — Silver  cliff,  niccolite. 

El  Paso  County. — Near  Pike's  Peak,  arfvedsonite,  astrophyllite.  zircon;  siderophjllite, 
top:iz,  phenacite,  cryolite,  thomsenolile  (and  other  fluorides),  tysonite,  bastnfisite. 

Gilpin  Co. — Near*  Central  City,  pyrite  in  modified  crystals,  chalcopyriie  often  coated  by 
tetraliedrite  in  parallel  position,  crystallized  gold  on  pyrite. 

Gunnison  Co.— Near  Gothic,  smaltite. 

Jefferson  Co. — Near  Groldcn,  in  basalt  of  Table  Mountain,  chabazite,  thomsonite, 
analeite,  apophyllitc,  calcite,  mesolite,  laumontite. 

La  Plata  Co. — Poughkeopsie  Gulch,  Alaska  mine,  alaskaite  with  tetrahedite,  chalco- 
pyrite,  barite. 

Lake  Co. — Leadville,  ccrussite  carrying  silver,  anglesite,  pyroraorphite,  sphalerite, 
calamine,  minium,  dechenite  (?),  rhodocnrosite  with  galenite,  chalcopyrite. 

Golden  Queen  mine,  scheelite  with  gold.  Ute  and  Ule  silver  mine,  stcphanite,  galenite, 
sphalerite,  chalcocite. 

Park  Co.— Grant  P.  0.,  Baltic  lode,  beegerite.    Hall  Valley,  ilesite. 

CALIFORNIA. 

Into  Co. — San  Carlos,  datolite  with  grossular  garnet  and  vesuvianite. 
Los  Angeles  Co. — Brea  Ranch,  vi\ianite  in  nodules  with  asphaltum. 

OREGON. 

Douglas  Co.— Cow  Creek,  Piiiey  Mountain,  considerable  deposits  of  a  hydrous  nickel 
silicate,  allied  to  gamicrite. 
Grant  Co. — Canyon  City,  cinnabar  with  calcite. 

UTAH. 

Iron  Co.— Coyote  District,  oi*pimeut  and  realgar  in  a  thin  bed  in  the  horizontal  sediment- 
ary formations  underlying  lava. 
Piute  Co. — Marysvale,  onofritc. 

Salt  Lake  Co.--Butterfield  Canon,  mallaixlite,  luckite. 
Wahsatch  Range,  head  waters  of  Spanish  Fork,  ozocerite  in  considerable  beds. 

NEVADA. 

Elko  Co. — Emma  mine,  chrj'socoUa;  Blue  Hill  mine,  azurite,  malachite. 

Lander  Co. — Austin,  polybasite,  chalcopyrite.  azurite,  whitneyite. 

Lincoln  Co. — Halite,  cemrffvritv. 

Nye  Co.— Anglesite,  8t<?tefel(ltite,  azurite.  cerussite,  silver  ore.  cerargyrite. 

White  Pine  Co.— Eberhanlt  mine,  cerargyrite;  Paymaster  mine,  freieslcbenite, 

NEW  MEXICO.* 

DoSa  Ana  Co. — Lake  Valley,  cerargyrite  in  the  Sierra  mines  in  large  masses,  rarely 
crystallized,  associated  with  embolite,  cerussite.  galenite,  vanadinite  in  small  canary-yellow 
cr\'stals,  native  silver,  pyrolusite,  manganitc,  fluorite,  ankcrite,  apatite,  chert.  Victoria 
mine,  40  miles  below  Nutt,  massive  anglesite.  Kingston,  in  Black  Range,  argentite  in 
large  masses. 

Socorro  Co.-  Socorro  Mt.,  8  miles  from  town  of  Socorro,  large  veins  of  barite  carrying 
cerargyrite,  vanadifcrousmiinetite,  vanatlinite  in  barrel-shaped  crystiils  resembling  pyromor- 
phile.  Magdalena  Mountains,  27  miles  west  of  Socorro,  cerussite  in  heavj'  veins  with 
gah'nite,  sphalerite,  etc.  Green  and  blue  calamine  on  the  Kelly  location.  Sophia  mine, 
stromeyerite  ?  Grafton,  on  a  large  quartz  vein,  Ivanhoe  mine,  gold  in  black  cerussite, 
chalcocite,  bornite.  malachite,  azurite,  chalcopyrite,  cerargyrite,  amethystine  quartz.  New 
Elk  Mountain,  100  miles  south  of  Socorro,  cerussite  carrying  silver. 

*  The  author  is  indebted  for  the  following  notes,  as  also  for  others  under  Ari.^ona  and 
Montana,  to  Prof.  B.  Silliman. 
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Grant  Co. — Silvar  City,  Bremen's  mine,  argentlte,  cerargyrite,  ani[entite  pseudomorph 
of  inoUusca,  barite  with  cerargyrite.  native  8ilver  in  filagree  and  denorites  on  slate;  Santa 
Rita  copper  mines,  native  copper,  tenorite.  Mogollon  and  Burro  mountains,  Coony  mining 
district.  Dry  Creek;  in  Mundo  mine,  melaconite;  Silver  Twigg  mine,  bornite,  copper;  Alba- 
tross mine,  bornite,  malachite;  Cooney  mine,  chalcopyrite,  azurite,  bornite;  Clifton  mine, 
native  copper,  cuprite,  azurite,  malachite,  wulfenite.  Georgetown,  Naiad  Queen  mine, 
argentite  pseudomorph  of  mollusca,  cerargyrite,  native  silver  in  dendritic  form  on  slate. 

San  Miguel  Co.— Cerillos,  Mt.  Chalchmtl,  turquoise  in  tuff.  In  the  Cerillos  district  are 
numerous  mineral  veins,  carrying  silver  lead  and  salts  of  lead,  rarely  wulfenite  and 
vanadinite,  azurite,  malachite,  sphalerite,  etc. 

ARIZONA. 

In  the  Silver  District,  Yuma  Co.,  at  the  Hambur^?,  Princess  and  Red  Cloud  mines,  in 
connection  with  quartz  veins  carrying  argentiferous  galena,  fine  ruby-red  vanadinite, 
red  wulfenite,  massive  anglesite.  Silent  District,  Black  Rock  mine,  vanadinite.  At  the 
Castle  Dome  mines,  vanadinite,  mimetite,  wulfenite,  cerussite,  galcnite,  fluorite.  Also 
wulfenite  at  the  Melissa  mine  and  Rover  mine. 

In  the  Vulture  District  (also  called  Whit«  Picacho  District\  Yavapai  and  Maricopa 
Cos.,  numerous  veins  of  gold-bearing  quartz,  carrying  lead.  Vulture  mine,  cryst.  gold, 
jaroisite,  wulfenite.  Hunter's  Rest  mine,  gold  in  tourmaline  rock.  Farley's  Collateral 
mine,  and  the  Phenix  mine,  20  miles  north-east  of  Vulture,  yellow  vanadinite  with 
calcite,  wulfenite.  cerussite,  descloizite  (?),  volborthite  (?)  crocoite,  vauquelinite.  phoeni- 
c(x;hroite.  Montezuma  mine,  vanadinite,  cerussite.  Sante  Domingo  mine,  mimetite, 
argentite.  Silver  Star  mine,  native  silver,  cerussite,  argentite,  crocoite,  vanadinite. 
Tiger  mine,  native  silver,  cerargyrite.  Tip  Top  mine,  native  silver,  sphalerite,  argentite, 
pyrargyrite. 

From  the  Rio  Verde,  Maricopa  Co.,  thenardite  in  large  deposits. 

Mohave  Co. — Moss  lode,  fjold  in  crystalline  plates;  fiuorite  a  frequent  gangue  material. 

Pinal  Co. — Mule  Pass,  Bisbcy,  Copper  Queen  mine,  native  copjxjr,  copper  oxide,  mala- 
chite, azurite,  calcite. 

From  the  Silver  King  mine.  Pioneer  District,  Pinal  Co. — Fine  crystallized  native  silver, 
argentite,  sphalerite,  pyritc.     Stonewall  Jackson  mine,  cryst.  silver,  argentite. 

From  the  Bon  Ton  mines,  Chase  Creek,  near  Clifton,  dioptase  with  cuprite  and  limonite. 

MONTANA. 

Butte  Co. — Butte  City,  Alice  silver  mine,  rhodonite,  a  common  gangue  of  native  silver 
and  other  silver  ores,  rhodochrosite.  Same  in  Magna  Charter  mine,  i'arrot.  Mountain, 
Bell,  and  other  cop{x;r  veins  yield  various  copper  salts  and  arsenical  cop|)er  glance  with 
silver. 

•*  Original  Butte  mine,"  wurtzite  with  pyrite.  Clear  Grit  mine,  native  silver,  argentite, 
chalcopyrite,  sphalerite,  calcite,  rhodochrosite.     Colusa  mine,  chalcocite. 

ALASKA. 
Ft.  Wrangell  at  mouth  of  the  Stickeen  River,  fine  garnets  in  mica  schist 

CANADA— Province  op  Quebec. 

Montreal. — Analcite,  sodalite,  nephelite  (in  nephelite-syenite). 

Ottawa  Co. — Veins  carrying  apatite  and  pyroxene  in  large  quantities  are  common  in 
Buckingham,  Burgess.  Tenipleton,  and  other  town-ships;  also  calcite,  quartz,  amphibole, 
scapolite,  garnet,  tourmaline,  titanite.  zirr-on,  orthoclase,  phlogopite  and  other  species. 

Tempieton.  vesmvianite,  garnet  (cinnamonstone),  pyroxene. 

Hull,  r-c*lorles8  garnets,  vesuvianite,  white  pyroxene. 

Wakefield,  chrome  garnet. 

CANADA— Provixce  or  Ohtario. 

FaoxTESAr  Co. — Scapolite,  apatite. 

Renfrew    Co. — Eganville,    large    crystals    of   apatite,    titanite,    zircon    (also   twinsX 

iphibole. 
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NOVA  SCOTIA. 

Cumberland  Co. — Alunogen. 

Colchester  Co. — New  Annan,  covellite. 

Kings  Co. — Black  Rock,  in  trap  with  stilbite,  ulexite.  hculandite. 

CANADA— Keewatin  District. 

Churchill  Riter. — Lazulite. 

Knee  Lake. — Magnetite  Island,  magnetite. 

CANADA— British  Columbl4. 

Cariboo  District. — Native  gold,  gulenite. 

On    Frazer  River.— Gold,   argentiferous  tctrahodrite,   cerargyrite,   cinnabar.     North 
T.;jomp6on  River,  cyanite. 
Howe  Sound. — Bomite,  chalcopyrite,  molybdenite,  mica. 
Ominica  District. — Gold,  galcnitc,  silver,  silver  amalgam. 
Cassiar  District. — Gold. 
Texaca  Islakd. — Magnetite. 
Queen  Charlotte  Islands. — Skincuttle  Inlet,  Harriet  Hurbor,  magnetite,  chalcopyrit& 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF  MINER  ALA 


TABLE  L 

Minerals  arrtinged  according  to  their  Physical  and  Slovopipe  Characters. 

Thb  following  table  is  intended  especially  for  nse  in  instrnotion  in  Mineralogy.  With  this 
end  in  Tiew  it  is  limited  to  those  species  described  in  full  in  the  body  of  this  work,  and  the 
method  of  arrangement  has  been  made  to  conform  as  nearly  as  possible  to  the  chemical  iji- 
tom  of  classifioatian  there  followed.  Table  II.,  on  the  contrazy,  is  made  to  embrace  all 
species  whose  czystalline  system  is  known : 

Oeneral  Beheme  of  Classification. 

L  MALLEABLE,  OB  EMINENTLT  SECTILE. 

Many  of  the  native  metaU  are  here  included. 
1.  Lostze  metallia 
9,   Lnstre  onmetallia 

n.  YAPOBIZABLE,  OB  B.B.  EASILY  YIELDING  FXTMEa 

The  suijpkides^  eeUnidee^  etc.,  also  the  sulpharaeniteat   stUpharUimoniU$,    etc,  are  her«  la 
daded ;  also  some  natiye  metals. 

Part  L  Wholly  Yaforizabls. 

1.  Lnstre  onmetallia 
8.  Lustre  metallia 

Part  n.    YDELDIHO  FuMBS  RBAOTLT,  Btrt  KOT  WROLLT  VAPOBtZABLH* 

1.  Lustre  unmetallia 

2.  Lustre  metallic. 

m.  NOT  MALLEABLE;  NOT  YAPOBIZABLE,  NOB^AdtLT  YIELDING  FUMn. 

Part  L  LU8TBB  Mbtallic. 

1.  Streak  unmetallia —A.  Infusible  or  nearly  so ;  B.  Fusible, 
t.  Streak  metallia 

Part  n.  LusTBB  TJintBtALUtf* 

t. 
A  Tnfnirilito 
k  Fusibto. 
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9.  Sulphatot. 

1    Solable  in  water,  or  liaTixig  taste. 
8   Inaolnble  in  water. 

8.  Ohromatas. 
4.  Silicatei,  Phosphates,  Oxides  (pt.),  eto., 

I.  Stretik  Colorrd. 
i.  lufnsible,  or  nearly  so. 
9.  Fusible.— A.  Gelatinise  with  adds ;  B.  Do  not  gelatinise. 

IL  Streak  Uheolored, 

A.  Infusible.— A.  Cklatinize  with  acids ;  B.  Do  not  gelatiuiie. 
9.  Fusible. — A.  Oelatinise  with  acids. 

a  Hydrous;  /3  Anhydrous. 

B.  Do  not  gelatinise. 

a  Hydrous;  /3  Anhydrous. 


I.  MALLEABLE  OR  EMINENTLY  SECTILB. 

1.  Lustre  metaUie. 

(a)  Yielding  B.B.  no  fumes.— Gk>LD;  Silykr;  Platinum;  Palladium;  Coppbb; 
Iron  (pp.  221-226). 

(^)  Yielding  with  soda  c  n  charcoal  a  silver  globule. — Argentite  (p.  235),  and  Acax- 
THITK  (p.  289);  yield  also  sulphurous  fumes. — Hessite  (p.  239),  also  telluric  fumes. 

2.  I/ustre  unmetallic. 

On  charcoal  a  silver  globule.— Cerargtbite  (p.  260). 

II.  VAPORIZABLE;  B.B.  yielding  fumes  in  the  open  tube;  some  require  to  be  strongly 

heated. 

Part  L  Wholly  Vaporizable;   readily  passing  away  in  fumes  when  heated  oo 

charcoal  (if  pure  and  free  from  gangue). 

1.  LcsTRB  Unmetallic. 

1.  Fumes  8ul{)htirous;  burning  with  a  flame. — Sulphur  (p.  228). 

2.  Fumes  antimonial. — VAXBNtmiTE,  senarmontite  (p.  2»4). 

8.  Fumes  arsenical.— Realgar  (p.  2:^1).  color  red;  Orpiment  (p.  231),  color  yeUow. 
4.  Fumes  mercurial.— Cuf nab ar  (p.  240). 

2.  Lustre  Mvtallic. 

1.  Fumes  Bulphuroiis;  with  also  fumes  of  antimony,  bismuth,  etc.— SxiBKiTE  (p.  382); 
BiSMUTHiNiTB  (p.  2:i2);  some  tetradymite  (p.  238). 

2.  Fumes  selenial  or  telluric. — Claustbalite  (p.  286);  Tetradymite  (p.  233). 

8.  Natite  Arsenic,  Antimony,  Bismuth,  and  Tellurium  (pp.  226)  227.)    Some  Cinna- 
bar (see  above)  has  a  metallio  lustre. 

Part  II.    Yielding    Fumes   Readily    in   the    open    Tube,  but   not   Wholly 

Vaporizable. 

1.   LUSTRR  UKMETALLIC» 

1.  Fumes  snlphuroud  alone  .--Sphalerite  ^p,  287),  infusible;  Grerkockitb  (p.  242). 

2.  Fumes  sulphurous,  and  (a)  antimonial;  or  (0)  arsenical,  yield  a  bead  of  silver  with 
soda  on  charcoal. —(a)  Miarotrite  (p.  219);  Pyraroyrits  (p.  252)  — <s)  Proustits  (p.  253). 
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2.  Lustre  Metaluc.  ' 

1.  Fumes  anerical. 

a.  On  charcoal  a  magnetic  bead  or  mass,  (a)  In  the  closed  tube  unaltered. — Coualt- 
ITE  (p.  246).  (/3)  Do.,  a  sublimate  of  arsenic  sulphide.— Asa 2- JvopnuTB  (p.  247),  color 
silver-white,  yields  also  metallic  arsenic;  GEBSOOBFFrriL  (p.  246),  color  silTer-wbite  to 
steel-gray,  B.B  decrepitates;  Tennaxtite  (p.  256),  color  iron-black,  (y)  Do.,  a  laint 
white  crystalline  sublimate  of  arsenous  oxide. —Niccolite  (p.  242),  color  pale  copper- red. 

6.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead.— Sastorite  (p.  250), 
decrepitates  stronglv,  G=5-39;  Duprexoysite  (p  251),  0=5  56. 

e.  Do  ,  metallic  copper. — Dometkite  (p.  294),  color  tin-white  to  steel-gray;  Ehai^ 
eiTE  (p.  257),  color  iron-black. 

2.  Fumes  antimonial. 

a.  With  soda  on  charcoal  yield  metallic  copper.  (The  bead  obtained  mar  also  be 
tested  with  borax.)  (•)  Contains  copper  and  lead — ik)UR50xiTE  (p.  253j.  color  steel-gray, 
Q.=5'7-5-9.  (fi)  contains  copper  and  silver.— Polybasite  (p.  257).  color  iron-black,  (y) 
TETRAHEDRrrB  (p.  255). 

b.  Yield  silver  or  lead  but  no  copper,  (o)  Contain  silver— Dtscrasitb  (p.  284), 
O.  =9*4-9  8,  color  and  streak  silver-white;  FREiBSLEBEKrrE  (p.  -,52).  G.=: 6-6*4,  color 
and  streak  light  steel-gray,  yields  also  sulphurous  fumes;— Stephaxite  (p  25^  G.=6'27, 
color  and  streak  iron-black;  Ptrargtrite  (p.  252).  and  Miargtrite  u>.  249),  have  both  a 
red  streak.  0)  Contain  lead;— Zixkexite  (p.  250),  6.=:5'aO-5  ^5;  Jamrsoxits  (p.  251), 
O.  =5-5-5*8;  BouLAXOERrrE  (p.  254),  G.  =5*75-6. 

8.  Fumes  sulphurous. 

a.  Reaction  for  copper  with  borax.— Chalcoptritb  (p.  244).  color  brasa-yellow: 
BoRXiTE  (p.  237).  color  oopper-red  to  pinchbeck-brown  on  the  frafa  fracture;  Chalcocite 
(p.  289),  color  blackish  1^-gray;  Stromkterite  (p.  240),  color  dark  steel-gray,  contains 
also  silver. 

b.  Yield  a  magnetic  bead  or  mass  on  charcoal  («)  Yield  free  sulphur  in  the  cloeed 
tube.— Ptrite  (p.  248),  G.=4-8-5-2;  Marcasftb  (p.  247),  G.  =47-4  8;  some  linncite 
(see  below).  {$)  Cnchanged  in  the  closed  tube.— Pyrrhotitb  (p.  241),  color  reddish  bronae- 
jellow,  magnetic;  Mtllerfte  (p.  241),  color  brass-yellow,  with  borax  a  nickel  reaction;  Li5- 
VMSTE  (p.  245),  color  pale  steel-grav.  contains  cobalt. 

e.  Yields  metallic  lead  on  cfaarcoaL — Galexttb  (p.  285),  color  lead-gray. 
d.  Not  included  in  the  above.— Molybdksttb  (p.  288). 

4.  Fumes  mercurial.— Amalgam  (p.  225). 

6.  Fumes  telluric.    (•)  Contahi  rilver  or  gold.— Stltaiote  (p.  248).  color  steel-gray  to 


silver-white,  brittle;  Hessite,  Petzite  (p.  2Ss),  color  lead  to  steel-gray,  sectile.    (p)  Con- 
tains lead.*NA0TAerrE  (p.  240),  color  black  lead-gray,  foliated. 


m.   KOT   MALLEABLE;   KOT   VAPOHIZABLE,   KOR    EASILY   YIELDING 

FUMES. 

Ttai  L    LuaTRC  McTAtLic,  or  ScBinrrALLio. 

1.  9rtEAK  VmatTAiuc, 

A.  InfutiUe,  or  I\mbU  wUh  ffntU  dijfleyli^. 

A.  fiaaction  for  nuMMoiMas  with  bofaz4 

(«)  Anhydrtm9.^Jhnu>ix%m  fp.  278),  Q.^i-Hl.  tt^M  5,  itreak  black  (biwt. 
Bifte«  hanamannite,  (p.  2t7);  FRAanCLnrrrE  (p.  278l  often  in  ocUhedrons,  G.  =  607, 
H.  =  5-&-4'5;  streak  dark  reddish  brown :  yields  xbe  B.B.  Some  Columbite  (pp»  810^ 
428). 

(p)  i^dfVM.— MA3iOAann  (p.  280);  PftunniiAKa  (p.  2d2r»  Wad  (p.  SSD. 
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b.  Reaction  for  iron :  become  magnetic  upon  ignition  in  R.F. 

(a)  Anhydrous. — Maonetite  (p.  272),  streak  black,  magnetic  ;  Hbmatitb  (p.  268), 
streak  cherrv.red.  Contain  titanium. — MENACCAsaTE  (p.  269),  G^.  =  45-5,  streak  black  to 
brownish-rea;  Ruttle  (see  of  below).  Contain  tantalum  or  columbium. — TaktalitbQp. 
359),  G.=r7-8;  Colu^bite  (p.  360),  0.5*4-6*5.  Contains  chromium.  Chbomtte  (p.  274^, 
streak  brown. 

(3)  Hydrous, — Limontte  (p.  280),  streak  y^ellowish-brown,  G.=3*6-4,  only  massive; 
GoTHiTE  (p.  280),  streak  same,  G.=4-4  4,  often  in  crystals;  Turoite  (p.  279),  streak  red, 
decrepitates  strongly  B.B. 

e.  Reaction  for  zinc  on  charcoal.— Zincite  (p.  266),  streak  orange-yellow. 

d.  Reaction  for  titanium. — Rutilb  (p  276);  Octahedrite  (p.  277);  Bbookitb  (p.  277)- 
Pe&ofskite  (p.  270). — Euxenite  (p.  dO::^),  contains  columbium. 

e.  No  reactions  as  aboTe. — Yttbotaktalitb  (p.  861). 

B.  Fusible, 

a.  Reaction  for  tron,  become  magnetic —Ilvaite  (p.  809),  G.  =8-7-4'2;  Allanite  (p.  808)b 
G.=3-4-2;  Wolframite  (p.  883).  G.=7  1-7  5;  Samarskite  (p.  361),  a.=5*45-5-69. 

b.  Reaction  for  copper. —Tenorite  (p.  267);  Cupritb  (p.  266). 

2.  Streak  Metaluo. 
No  metallic  bead.— Gbaphitb  (p.  230);  Ieidosmine  (p.  224). 

Part  II.    Lustre  Unmetallic. 

1.  OARBONATB8 :  when  pulverized  effervesce  (give  off  CO9)  with  hydrochloiic  01 
nitric  acid,  sometimes  only  on  tne  addition  of  heat  (p.  202).* 

1.  Infusible. 

a.  No  metallic  reaction,  or  only  traces;  assay  alkaline  (p.  205)  after  ignition. 

(a)  Anhydrous. — Effervesce  freely  in  the  mass  in  cold  dilute  acid  ;  Calcitb  (p.  898)« 
G.  =2*5-2'8 ;  Araookite  (p.405),  G.  =2*9 ;  Barytocalcite  (p.  408),  contains  barium.  Effer- 
vescence wanting  or  feeble,  unless  very  finely  pulverized  or  heated;  Dolomttb  (p.  401); 
MAONESrTE  (p.  402). 

(^)  fTvrfro^i*.— Hydromaoxksite  (p.  409). 
6.  A  decided  reaction  for  iron;  become  magnetic  upon  ignition. 

SiDERtTR  (p.  408);  Ankeritb  (p.  402).  Also  mesitite,  pistomesite  (p.  408),  and  some 
varieties  of  the  preceding  carbonates. 

c.  A  decided  reaction  for  mcmganese  with  borax. 

Rrodochrosite  (p.  403).    Also  some  varieties  of  the  preceding  carbonates. 

d.  Reaction  for  zinc  on  charcoal. 

(«)  .4nAydrou«.— Smithsonitb  (p.  44).    (^)  JJyiro  iif.—HYDRozi:^orrB  (p.  410). 

2.  Fusible. 

a.  No  metallic  reaction,  or  only  traces;  assay  alkaline  after  fusion. 

(«)  ^n^Wrow*.— Withbritb  (p.  406),  G.=4*8,  B.B.,  a  green  flame  (baryta);  Stbon- 
TiAXiTE  (p.  406),  G.=8'6--7,  B.B.,  a  strontia-red  flame. 

(^)  i/yrfroM«  — Gay-Lussitb  (p.  409);  Trona  (p.  408). 
h.  Reaction  for  lead  on  charcoal. 

Cbrussite  (p.  407);  Phosqenite  (p.  408),  contains  lead  chloride;  Leadhilliti 
(p.  390)  contains  lead  sulphate. 

c.  Reaction  for  copper  with  borax. 

Hydrous.— yCkLKCva^t,  (p.  411),  color  green;  Azurite  (p.  411),  color  azure-blue. 

d.  Reaction  for  bismuth  on  cnarcoal. 

fiy(fro''/«»— BlSMUTiTR  (p.  412), 


*  Nitric  acid  is  needed  onlv  in  the  case  of  lead  salts  (cerussite,  phosgenite,  leadhillite). 
In  addition  to  the  propr  car\)onates.  also  leadhillite  and  cancrinite  effervesce  with  acid, 
and  with  many  minerals  effervescense  may  be  caused  br  a  mechanical  admixture  of  caldte 
(e,g,,  woUastonite),  or  some  other  carbonate  (eg,,  lanarkite). 
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2.  SniiPHATBS .  Yield  a  salphide  with  soda  on  charcoal  (p.  209),*  which  when 
moistened  blackens  a  surface  of  polished  silver. 

1.  Soluble  in  Water  :  having  taste. 

a.  Glaubbrtte  (p.  891);  Mirabilite  (p.  392) ;  Polthalite  (p.  393);  Efsomitb  (p.  394): 
Alums  (p.  395). 
b   Copperas  group  :  Vitriols. — Chalcanthite,  etc.  (p.  394.) 

2,  Insoluble  in  Water:  having  no  taste. 

a.  Yield  no  metallic  bead.    Fusible ;  assay  alkaline  after  fusion. 

(a)  AnJiydrous. — Barite  (p.  387),  G.  =:4-3-4-7,  a  yeUowish-green  flame  B.B. ;  Celbs- 
TTTE  (p.  388),  G.=3*92-8*97,  a  strontia-red  flame  B.B. ;  Anhydrite  (p.  389),  G.=2*9-2*99. 
a  redaish-ycllow  flame. 

0)  Hydrous:  Gypsum  (p.  892),  H.= 1-5-2,  G.=2-3. 
h.  Beaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Hydrous :  Aluminitb  Tp.  395). 
e.  Reaction  for  lead  on  chaipoal. 

/'WiWg.— Anolesite  (p.  389);  Leadhillite  (p.  890),  contains  lead  carbonate. 

d.  Beaction  for  copper  with  borax. 

Brochantite  (p.  396);  Linarite  (p.  396). 

e.  Reaction  for  iron  :  becomes  magnetic  after  ignition  on  charcoal. 

Copiapite  (p.  395). 

3.  OHROMATES :    Afford  a  chromium  reaction  with  borax  (p.  208).    All  brightly 
colored,  and  having  a  colored  streak. 

Crocoite  (p.  885),  color  hyacinth-red,  streak  orange-yellow  ;  Phcenicochroitb 
(p.  386),  color  cocnineal-  to  hyacinth-red,  streak  brick-red  ;  Vauquelinite  (p.  886),  color 
green  to  brown,  streak  greenish  or  brownish. 

4.  SIIJOATE8,  PHOSPHATB8,  OXIDES  (in  part),  etc 

I.  Streak  Colored:  having  a  decided  color. 
1.  Infusible,  or  Fusible  with  great  Difficulty. 

a.  Reaction  for  iron,  magnetic  after  ignition  in  R.F. 

(«)  ^nAyrfrot/A— Hematite  (268),  streak  cherry-red  ;  some  Rutile  (see  e  below). 

03)  Hydrous, — Limonffe  (p  280),  streak  yellowish-brown ;  GOthite  (p.  280),  streak 
same  ;  TuRorrE  (p.  279),streak  red,  decrepitates  B.B.  • 

h.  Reaction  for  manganese  with  borax. 

Hydrous.— \\  A^D  (p.  283);  Psilomelane  (p.  282). 

c.  Reaction  for  zinc  on  charcoal. 

Zincite  (p.  266);  streak  orange-yellow. 

d.  Reaction  for  copper:  yield  metajfic  copper  with  soda  on  charcoaL 

Hydrous. — Dioptase  (p.  301),  color  emerald-green. 

e.  Reaction  for  titanium :  with  metallic  tin  on  evaporation  a  violet  color  to  the  hydro- 
chloric acid  solution,  sometimes  after  fusion  with  potassium  bisulphate. 

Rutile  (p.)  276),  G.=4-2;Warwiceite  (p.  382),  G.=8*3,  moistened  with  sulphuric 
acid  gives  a  green  flame  B.B.  (boron). — Some  Pyrochlore  (p.  859);  and  Perofskite  (p.  270). 
/.  Reaction  for  tin :  yields  the  metal  with  soda  on  charcoaL 

Cassiterite  (p.  275),  G.=6'4-71. 
g.  Not  included  in  the  above. 

(a)  Phosphates :  moistened  with  sulphuric  acid  give  a  bluish-green  flame  B.B. — 
MoNAZTTE  (p.  368).  G.=4'^5  26;  Xenotime  (p.  364),  G.  =4-45-4 -56. 
(^)  Pyrocblore  (p.  859),  G.=4*2-4-35  ;  Fergusonite  (p.  862). 


*  Note  the  precaution  on  p.  209  ;  it  may  be  remarked  in  addition  that,  in  the  case  of  a 
sulphate,  the  reaction  is  generally  so  decided  that  there  can  be  no  ambiguity,  even  when 
the  gas  contains  a  little  sulphur.  In  all  cases  the  soda  on  charcoal  should  be  first  tested 
alone 
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2.  Fusible  without  very  orbat  Difficulty. 

A.  Oelatinize  with  Add  {p.  203). 

QiTe  a  reaction  for  iron. 

Ilvaite  (p.  309),  yields  little  or  no  water,  H.=:6'5-^,  G.=r8*7-4*2,  streak  black, 
HisiNGfERiTE  (p.  854),  yields  much  water,  H.  =3,  G. =3*045,  streak  jellowish-brown; 
Allanite  (p.  308),  H.=5'5-6,  G.  =3-4-2,  streak  gray. 

B.  Do  not  OekUinize  toith  Acid, 

1.  Arsenates:  give  arsenical  fumes  on  charcoal ;  after  thorough  roasting  yield  metaUie 
reactions  as  follows: 

a.  Reaction  for  iron :  becomes  magnetic  after  ignition. 
Pharmacosiderite  (p.  876),  color  olive-green  to  yellowish-brown  etc. 

b.  Reaction  for  cobcut  with  borax. 
Erythrite  (p.  372),  color  rose-red. 

c.  Reaction  lor  copper  with  borax;  also  give  a  ffreen.fiame  B.B. 

Hydrous. — Olivenite  (p.  873),  G.=4'l-4*4,  color  olive-green  to  brown  ;  Lirogonitb  (p. 
874),  G.=2-88-2-98,  color  sky-blue  to  verdigris-green;  Clinoclasite  (p.  874),  G.=8*6-8*8, 
color  dark-green  (some  libethenite,  see  l>elow). 

2.  No  arsenical  fumes;  reaction  for  iron :  become  magnetic  after  fusion. 

a.  Anhydrom.— Reaction  tor  titanium:  Schorlomite  (p.  887),  H.= 7-7*5,  G.=8'882. 
massive. — Reaction  for  manganese  :  Triplite  (p.  869),  H.=3'44-8*88,  G.  =4-5*5,  colors 
the  flame  bluish-green.— Struture  micacecous  :  Lefidokelane  (p.  813). 

b.  Eydrous.—GiYe  a  bluish-green  flame  B.B.:  Vivianite  (p.  371),  H. =1*5-2,  G.= 
2 •58-2*68,  streak  colorless  to  indigo-blue  (on  exposure);  Dufrentte  (p.  878),  H.=8*5-4,  Q. 
=8*2-8'4,  streak  siskin-green. 

8.  No  arsenical  fumes;  reaction  for  copper  with  borax,  yield  an  emerald-green  flame  B.B. 

(o)  Anhydrous. — CuPRriE  (p.  266) ;  Tenoriie  (p.  267),  color  steel-gray  to  black. 

{fi) Hydrous, — Structure  micaceous;  Torbernite  (p.  878),  H.=2-2'5,  G.=8-4-8*6, 
—Libethenite  (p.  378),  H.=4,  G.=8'6-3*8;  Pseudomalachite  (p.  874),  H.=45-5,  G.= 
4-4*4;  Atacamite  (p.  261),  H.  =8-8*5,  G.=8-8 


II.  Streak  Uncolored  ;  sometimes  slightly  grayish,  yellowish,  etc 

1.  Infusible,  or  Fusible  with  huch  Difficulty. 
A«  Oelatimze  with  Add  forming  a  stiff  JeUy. 

a.  Reaction  for  iron  with  the  fluxes. 

Chrysolite  (p.  800);  Chondrodite,  Humtte  (p.  826-829),  yield  fluorine. 

b.  Reaction  for  ztnc  on  charcoal,  after  being  heated  with  soda. 

(a)  Anhydrous. — Willemite  (p.  801). 
{P)  Hydrous.— Cmjmtse  ip.  829). 

c.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Allophane  (p.  341),  amorphous. 
<f.  Reaction  for  magnesium:  pmk  color  with  cobalt  solution  after  ignitUnu 
Sepiolite  (p.  849),  in  soft,  white,  compact  masses. 


B.  Do  not  form  a  perfect  Jetty  vnth  Add, 

1.  Hydrous, 

a.  Reaction  for  aluminum  :  a  blue  color  with  cobalt  solution  after  ignition. 

1.  Phosphaies :  give  a  bluish-green  flame  B.B.,  especially  after  being  moistened  wftii 
sulphuric  acid.— Wavellite  (p.  876),  color  white  to  g^n  to  black;  Lazuliti  (p.  876X 
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color  azure  blue,  with  borax  an  iron  reaction;  Turquois  (p.  877).  color  sky-blue  to  apple- 
green,  with  borax  a  copper  reaction. 

2.  Hydrous  gUicates. — Structure  micaceous ;  Maroabitb  (p.  357),  yields  much  water; 
also  some  hydrous  micas  (see  p.  353). 

Kaounite  (p.  851)  usiially  compact,  soft,  unctuous;  Ptrophtllitb  (p.  849),  soft, 
yields  much  waiter. 

3.  Oondes.—GiBBsrrK  (p.  282),  H.  =2 -5-3  5,  usually  in  stalactitic  forms;  Diaspobb 
(p.  279),  H.  =6*5-7,  in  crystals,  scales,  and  foliated,  usually  decrepitates  6.6. 

b.  Reaction  for  magnesium:  a  pink  color  with  cobalt  solution  after  ignition. 

6RUCITE  (p.  281),  soluble  m  acids;  Talc  (p.  348),  yields  water  only  on  intense  igni- 
tion.   Also  some  serpentine  (see  below). 
e.  No  reactions  as  above. 

Opal  (p.  288),  H.=  6-7.— Serpentine  (p.  860),  H.=2-5-4;  CHLORiron)  (p.  358), 
fl.  =6*5-6;  Gbnthtte  (p.  361),  yields  a  reaction  for  nickel  with  borax. — ChrVsocolla  (p. 
8^),  H.=2-4,  colors  the  flame  emerald -green  (copper). 

2.  Anhydrous. 

a.  Reaction  for  aluminum :  (When  of  great  hardness,  pulverizing  is  necessary). 
(«)  Decomposed  \)y  acids. — Leucite  (p.  318),  H. =5.5-6. 
ifi)  Structure  eminently  micaceous.— Muscovite  (p.  818). 
(y)  Corundum  (p.  267),  H.=9.  Q.=4,  rhombohedral. 
Chrysoberyl  (p.  274),  H.=8*5,  G.=3*7,  color  green. 
Topaz  (p  382),  H.=8,  G.=8  5,  in  prisms  of  124®,  cleavage  basal  perfect 
RuBELLiTE  (p.  830),  H.=7'5,  G.=3,  in  three-  or  six-sided  prisms,  color  violet,  rose- 
red,  reaction  for  boron  (p.  211). 

(  Andalusite  (p.  831),  H.=7*5,  G.=3*2,  in  prisms  of  93*». 

•JFibboltte  (p.  331),  H.=6-7,  G.=8*2,  brilliant  diagonal  cleavage. 

(Cyanite  (p.  832).  H.=5-7,  G.=3*6,  usually  in  bladed  crystals,  color  blue  to  gray. 

h.  Reaction  for  magnesium :  a  pink  color  with  cobalt  solution  after  ignition. 
Talc  (p.  848),  soft,  foliated,  yields  water  upon  intense  ignition. 
Enstatite  pt.  (p.  290),  H.=5"5,  cleavage  prismatic  98®. 
Spinel  pt.  (p.  271),  U.=8,  commonly  in  octahedrons. 

e.  Reaction  for  Hn :  metallic  globules  with  soda  on  charcoal. 

Cassiteritb  (p.  275),  G.  =6*4-7'l.     Also  some  Pyrochlore  (p.  869). 

d.  No  reactions  as  above. 

1.  Hardness  7,  or  above  7. 

Spinel  (p.  271),  H.=8,  G=8*6-4*l,  occurs  in  octahedrons. 

Gahntte  (p.  272),  H. =7*5-8,  G.  =4'4-4*9,  octahedral,  when  mixed  with  borax  gives 
a  zinc  coating  on  charcoal. 

6eeyl(p.  299),  H.  =7*5-8.  G.=2'6-2*7,  always  in  hexagonal  prisms. 

Phenacite  (p.  301),  H.=7'5-8,  G.  =8,  rhombohedral. 

Ouvabovite  (p.  804),  H.=7*5,  G.=8*5,  color  green,  chromium  reaction. 

ZiBcoN  (p.  304),  H.=7*5,  G. =4  06-4*75,  zirconia  reaction  (p.  213)  often  in  square 
prisms. 

Staubolite  (p.  886).  H.=7,  G.=3*4-8'8,  always  crystallized,  /A/=123^ 

Ioute  (p.  811),  H.  =7-7*5,  G.=2'6,  color  blue,  lustre  glassy. 

OuABTZ  (p.  284),  H.=7,  G.=2-6,  and  TRiDYMrrE  (p.  288),  G.=2*3. 

2.  Hardness  below  7. 

(a)  Give  a  bluish-green  flame  when  moistened  with  sulphuric  acid  ;  Xenotimb  (p. 
864) ;  Monaztte  (p.  368);  Apatitr  (p.  364). 

(^)  Reaction  for /i/amum. —RuTiLE  (p.  276);  Rbookitb  (p.  277);  Octaheobitb  (pi 
277),  alwavs  in  square  octahedrons;  Pebofskitb  (p.  270). 

(y)  Reaction  for  tungsten, — ScHEELrrE  (p.  384),  H.=6,  G.=4*5t6. 

(i)  Not  included  in  the  above;  Enstattte  (p.  290)*  Dlallage  (p.  298);  Anthophti* 
UTB  (p.  295). 

2.  Fusiblk. 
A.  Oelatinizing  triih  Acid :  forming  a  stiff  JdXnf  upon  Boaporaium. 
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1.  Hydrous. 


a.  Hardness  5,  or  above  5. 

Datolite  (p.  384),  in  glassy  crystals,  also  rarely  massive,  never  fibrous,  fuses  with  a 
green  flame  (boron). 

Natrolite  (p.  842),  G.=2*17-2-25,  fuses  quietly  and  easily  to  a  colorless  glass. 

ScoLECiTE  (p.  848),  Thomsonite  (p.  842),  on  lusion  often  curl  up  in  worm-like 
forms. 

h.  Hardness  below  5. 

Gmeunite  (p.  345),  H.  =4-5,  in  hexagonal  or  rhombohedral  crystals. 

Phillipsite  (p.  345),  H.  =4^-5,  in  twinned  crystals. 

Laumonttte  (p.  888),  H.=8*5,  becomes  opaque  on  exposure. 
Pectolite  and  Analcite  are  decomposed  by  acid  with  the  separation  of  gelatinous 
silica,  but  do  not  form  a  stiff  jelly. 


2.  Anhydrous, 

a.  With  hydrochloric  acid  give  off  sulphuretted  hydrogen. 

Danaute  (p.  302),  with  soda  on  charcoal  dves  azinc  coatinff,  color  flesh-red  to  gray. 

Helvite  (p.  802),  manganese  reaction  with  borax,  color  yellow. 
h.  With  soda  on  charcoal  a  sulphur  reaction. 

HAtnrNiTE  (p.  318),  color  sky-blue. 
e.  SoDALTTE  (p.  317),  reaction  for  chlorine. 

WoLLASTONTTE  (p.  291),  color  white,  lustre  vitreous. 


Nepheute  (p.  316),  hexagonal. 


16), 


fi.  Do  not  form  a  perfect  JeUy  with  Hydrochloric  Acid. 

1.  Hydrous, 

1.  Structure  eminently  micaceous. 

Chlarites:  Penndote  (p.  355);  Ripidolite  (p.  356);  Phochlorite  (p.  857);  laminas 
tough  but  not  elastic,  colors  green  to  black;  only  partially  attacked  by  aeia. 

Vermiculitea:  Jefferisite  (p.  355);  also  pyrosclerite,  etc.,  colors  mostly  brown, 
yellow,  also  green,  B.B.  e^cfoliate  largely,  decomposed  by  acid  with  the  separation  of  silica. 

Leptdomelane  (p.  318),  cx)lor  black,  yields  a  magnetic  globule. 

Autunite  p.  (379),  H.  =2-2*5,  color  bright  yellow. 

Fahlunite  (p.  353),  has  a  more  or  less  distinct  micaceous  structure. 

2.  Structure  not  micaceous. 

1.  Reaction  for  iron :  leave  a  magnetic  residue  on  charcoal. 

(«)  Arsenates :  give  arsenical  fumes  on  charcoal. — Sgorodite  (p.  875),  orthorhombic; 

Pharmacosiderite  (p.  376),  isometric. 

(^)  Phosphates :  give  a  bluish-green  flame  after  moistening  with  sulphuric  add. 

Childrenfte  (p.  377),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  =4*5-5. 

ViviAiHTE  (p.  371),  H.= 1*5-2,  fuses  easily  to  a  magnetic  globule. 
2    Reaction  for  arsenic  on  charcoal. 

Pharmacolite  (p.  370). 
8.  Borates :  give  a  aoep-green  flame  after  moistening  with  sulphuric  acid. 

Borax  (p.  381);  Boracitb  (p.  881);  Ulexite  (p.  881);  Sussexfte  (p.  880). 
4.  Not  included  above. 

(o)  Hardness  5,  or  above  5  (apatite =5). 

Prehnite  (p.  340),  H.  =6-6*5,  color  apple-green  to  white. 

Analcite  (p  343),  H.  =5-5*5,  fuses  quickly  to  a  clear  glass. 

Pectolfte  (p.  337),  H.  =5,  usually  in  aggregations  of  acicular  crystals. 

Apophyllite  (p.  840),  H.  =4*5-5,  B.B.  a  violet-blue  flame. 
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{$)  Hardmss  below  5. 
PiNTTE  (p.  352),  H.=i2*5-3'5,  compact. 
Pachnoutk  (p.  265),  H.=2-4,  yields  fluorine. 
Chabaxite  (p.  344),  H.=4-5,  rhombohedral. 
Apopbylltte  (p.  340),  H.=4'5-5,  tetragonal. 
Habmotom E  (p.  346),  fi.  =4*5,  usually  in  compound  crystals. 
Stilbite  (p.  346),  H.  =3-5-4. 
Heulaxdite  (p.  347),  H.  =3*5-4. 


2.  Anhydrous 

1.  Yield  metallic  lead,  with  soda  on  charcoal, 

Pyromoephitk  (p.  366),  color  green,  gives  a  bluish-gieen  flame  on  fusion. 
MiMETiTB  (p.  366),  color  yellow  to  brown,  yields  arsenical  fumes  on  charcoal. 
Vasadinitk  (p.  367),  color  brownish^yellow  to  reddish-brown,  with  borax  R.F.  an 
emerald-green  bead. 

WcLFEXiTB  (p.  384),  color  bright  jrellow  to  red,  reaction  for  tungsten. 

2.  Reaction  for  jiuorine,  with  sulphuric  acid. 

(a)  Give  a  bluish^green  flame  after  moistening  with  sulphuric  acid. 
AmblygonIte  (p.  369),  gives  a  lithia-red  to  the  flame. 
Triplite  (p.  369).  a  strong  manganese  reaction. 
Wagxeritb  (p.  368),  color  yeUow  to  grayish. 
(fi)  Fluoeit«  (p.  263),  cleavage  octahedral,  perfect. 
Cryolite  (p.  264),  fusible  in  the  flame  of  a  candle. 
LEPiDOLfTB  (p.  31^,  color  pink,  structure  micaceous. 
8.  Reaction  for  Itihia :  give  a  purple-red  color  to  the  flame* 
Spodumene  (p.  205),  H.  =6-5-7,  G.  =3-13-8-19. 

Triphylite  (p.  369),  H.  =5,  G.  =3-54-8-6,  gives  a  bluish-green  color  to  the  extremity 
v/  the  flame. 

The  mica  lepidolite,  and  also  9ome  biotite,  give  a  lithia  flame. 

4.  Reaction  for  iron  with  the  fluxes. 

Vesuvianite  (p.  305),  tetragonal,  H.=6'5. 
Epidote  (p.  3(57),  monoclinic,  H.=6-7. 
Gar>'Et  pt.  (p.  302\,  is  isometric,  H.  =6*5-7 -5. 
Lepidomelaxe  (p.  313),  structure  micaceous. 
Hypersthene  (p.  290),  orthorhombic 
Here  fall  sdso  dark-colored  varieties  of  Amphibdlb  (p.  298),  and  PtBOXSirB  (p.  29dX 

5.  Reaction  for  mangatiese  with  borax. 

Rbtodonite  (p.  294),  color  usually  rose-red. 
Spebsartite  (manganese  garnet,  p.  304). 

6.  Reaction  for  iiianium, 

TiTAlflTE  (p.  335). 

7.  Reaction  for  tunasten, 

SCHEBLITE  (p.  fe4). 

8.  Not  Included  in  the  above, 

Halfte  (p.  259),  Sylvtte  (p.  260),  soluble  in  water. 

Micas  (pp.  811-314),  structure  eminently  micaceous. 

ApATrrE  (p.  864),  H.=5,  G.=2-9-3'25,  a  bluish-green  flame  after  moistetiing  with 
Balf^uric  acid. 

PYROXE5E  (p.  292),  H.=5-6,  G.=3-2-3*5,  monoclinic,  angle  of  prism  93<>. 

Amphibole  (p,  296),  H.=5-6,  G.=2'9-3'4,  monoclinic,  angle  of  prism  (cleavage 
perfect)  124i° 

ScAPOLiTES  (pp.  315-316),  H.=5-6'5,  G,  =2*5-2*8,  tetragonal;  B.B.  fuse  with  intu* 
mescence  to  a  blebby  glass. 

ZoisiTEip.  308),  H.— 6-6  5,  G.  =31-3  38,  orthorhombic;  B.B.  swells  up  and  fuses 
to  a  blebby  glass. 

Feldspars  (pp.  319  to  326),  H.=6-7,  G.  =2*6-2'8,  cleavage  in  two  directions  at  right 
angles  or  nearly  so;  B.B.  fuse  quietly  to  a  clear  glass. 

AxnoTE  (p.  310),  H.=6  5-7,  G.=3-27;  B.B.  reaction  for  boron. 

Tourmaline  (p.  329),  H.=7,  G.=2'9^'3;  no  distinct  cleavage,  commonly  in  three 
or  six-sided  prisms;  B.B.  reaction  for  boron. 

OABirET(p.  302),  H.  =6-5-7*5,  G.  =3  15-4*3,  isometrio. 
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TABLB  n. 

Minerals  Arranged  According  to  thtir  CrystaUization, . 

The  following  table  contains  the  names  of  all  distinct  species  whose  Crystalline  System 
is  known.  For  convenience,  however,  the  names  of  those  which  are  described  in  detail 
in  the  body  of  the  work  are  printed  in  small  capitals.  The  species  in  each  group  are  ar- 
ranged according  to  their  specific  gravities. 

I.  CRYSTALLIZATION  ISOMETRIC. 
A.  Lustre  Unmetallic. 


[Spfc.  Gravity ;  Uardnet»i*. 


Sal  Ammoniac  (p.  i^O). 

Alum  (p.  895) 

Paujasite(p.  844) 

Sylvitb  (p.  260» 

HALrrB(p.  259) 

Chlorocalcite  (p.  260). . . 
Kremersite  (p.  261)  . . . . 

SODALITB  (p.  317) 

Analcite  (p.  H43)  

Nosite(p.  818) 

Ralfltonite  ip.  265) 

Hauynite  (p  818) 

?LBUCITE(p.  818) 

Oldhamite  (p.  285) 

Pollucite(p.  2i>9) 

Phabmacosiderite     (p. 


876). 


BORAGITE(p.  381).  . 

Pluorite  (p.  263)  . 
Nitrobarite  (p.  433). 
HELVTTB(p.  302).. . 

Garnet  (p.  802)..  . 
Danalitk  (p.  302). , 
Hauerite  (p.  244). . . 
Diamond  (p.  228) . . 
Periclasite  ip.  267). 


1-53 
1  -56-2 
1  92 
1-9-2 
21-2-26 


214-2-4 
2'i^-2-29 
225-24 
2  4 
2-4- 2-5 

2  4-2  56 
2-58 
2-9 

2-9-3 

2-97 

319 

316-3-4 

31-33 

815-4-3 

3  43 
8  46 
3-53 
3  67 


1-.5-2 
2-2-5 
5 
2 


Spec.  Gravity'  Haidne»« 


2  5 


6-5-6 

5-5-5 

5-5 

4-5 

5-5-5 

5-5-6 

4 

6-5 

2-5 

7 

4 

6-6-5 

6-5-7-5 

5-5-6 

4 

10 

6 


Arsenolite  (p.  284) | 

Nantokite  (p.  k^60) : 

Spinel  (p.  271) 

;  Hercynite  (p.  272) 

:Alabandite(p.  237) 

Pcrcylitc  {p.  2C2) 

Sphalfrite  (p.  2i  7). . . 
i  ?  Pefofskite  (p.  270). 
;  Chrompicotite  (p.  274) . 

Tntomitcjp.  840) 

Pyrochlore  (p.  369). . . 

;Pyrrhite(p.  859) 

Qahnite  (p.  2;2) 

Thorite  (p.  840) 

Hatchcttolite  (p.  4'^8). . 
Mangunosite  (p.  431). . . 
Senarmonite  (p.  284). . 

,Emboliie(p.  260) 

Microlitc  (p.  859) 

Ceraroyrite  (p.  2()0). . 
IluantaJH^ite  (p.  259). . 
lodobromite  (p.  429). . . 

Bromyrite  (p.  200) 

Cuprite  <p.  266) 

Eulytite  (p.  302) 

Bunsenite  (p.  267) 


s-io 

3  93 
3-5-4-1 
3-9-8-95 
8-95-4 

89-42 
4-04 
412 
3-9-4-7 

4  2-4-85 

4-4-6 
4-3-5  4 
4-77-4-9 
5118 
5-2-5-8 


15 

1-2  5 

8 

7  5-8 

3-5-4 

2-5 

8-5-4 

5-5 

8 

5*5 

5-5-5 

6 

7-5-8 

4-5-5 

5 

5-6 

2-2  5 


5  8-5-4 

1-1-5 

525-5-66 

5-5  5 

1-15 

5  71 

5  8-6 

2-8 

58-6-15 

8-5-4 

5-9-6 

4-5 

6-4 

5  5 

B.  Lustre  Metallic  (and  Submetallic). 


I  »pfc.  Gravity 


Cubanite  (p  245) 

Perofsktte  (p.  270) 

Coromite  (p.  274) 

Tennantite  (p.  256). . . 

Binnite  (p.  251) 

Magnesiofcrrite  (p.  273). 

Jacobsite  (p.  27*2) 

Corynite  (p  247) 

BORNITEip.  237) 

Tetrahedrite  (p.  255). 

Linn^ite  (p.  245) 

PYRITE(p.  243) 

Magnetite  (p  272) 

PRANKUNITE  (\).  273).  .  . 

Julian! to  (p.  256) 

GrQnauite  (p.  237) 

Gersdorffite  (!>.  246). . 

COBALTITE  (p.  243) 

Ullmannite  (p.  247) . . . 
Smaltite  (p.  245) 


Hardness 


40i-4-2 

4 

4  04 

5-5 

4-8-4-6 

5-5 

4  4-4  5 

8-5-4 

4  48 

4-5 

4-6 

6-6-5 

4  75 

6 

4  99 

4-5-5 

4  4-5-5 

3 

4-5-5-1 

3-4-5 

4-8^ 

5-5 

4-8-5-2 

6-6-5 

4-9-5  2 

5-5  6-5 

5-07-5-09 

5-5-5-5 

512 

soft 

5  18 

4-5 

5  6-6-9 

5-5 

6-6-3 

5-5 

6  2-65 

5-5-5 

6  4-7-2      , 

5-5-6 

Spec.  Gravity 


]  Skutterudite  (p.  246)  . 
1  Polyargvrite  (p.  257)  . .  | 
!Laurite*(p.  247) .... 

Argentite  (p.  235) '. 

Beegerite  (p.  421) 

Galenite  <p.  235) 

Iron  (p.  226) I 

|Cleveite(p.  428) | 

M etacinnabarite  I  p.  241), 

Clausthalffe  (p.  236). 
!Naumannite  (p  235). . . 

Altaite(p.  237) 

Copper  (p.  225) 

Craninite  (p.  «74) 

Silver  ip  2-.;3) 

Palladium  (p.  224) 

>  Amalgam  •  p.  225) 

'Gold  (p.  221) 

i  Platinum  <p.  223).   . . . 

Platiniridum  (p.  2*24) . . 


Hardiiefe 


6-7-6-8 

6 

6-97 

2  5 

6-99 

7abov« 

7-2-7-4 

2-2-5 

7-27 

7-25  7-7 

25-41 

7-3-7-8 

45 

7-49 

5  5 

7-5-7-7 

3 

7-6-8-8 

2  5-4 

8  0 

2  6 

8-16 

8-8  5 

8-84 

2-5-8 

8-0-25. 

5*5 

101-11  1 

2  5-« 

118-11-8 

4-5-5 

14 

8  8-5 

15-6-19-5 

2  5-8 

16-19 

4-4-5 

22  6-28 

6-7 
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The  commonly  occurring  forms  of  some  of  the  Isometric  minerals  are  as  follows: 

l.—Odahedrans. — Alum;  Chromite;  Cuprite;  Diamond;  Franklinite;  Uatchettolite; 
Magnetite;  Microlite;  Pyrochlore;  Ralstonite;  Spinel  (incL  hercynite,  etc.);  Uraninite  (and 
clereite).     Also  Laurite;  Pyrrhite;  Senarmontite,  and  less  commonly  Galenite;  Fluorite. 

2.  OttftM.— Boracite;  Cerargyrite;  Fluorite  ;  Galenite;  Halite;  Percy  lite;  Perofskite: 
Pharmacosiderite;  Pyrite;  Sylvite. 

8.  Dodecahedrons. — Amalgam;  Cuprite  ;  Garnet;  Magnetite. 

4.  Trapezohedrons. — Garnet;  (?)  iJeucite;  Analcite. 

5.  Pyritohedrons. — (]k)baltite  ;  (>ersdorffite  ;  Hauerite;  Pyrite. 

The  Cleavage  of  Halite,  Sylvite.  Periclasite,  Galenite  is  eminently  ctibie ;— of  Fluorite, 
Magnetite,  Diamond,  eminently  oeiahedrcU; — of  Sphalerite,  eminently  dodeeahedrai, 

II.  CRYSTALLIZATION   TETRAGONAL. 
A.  Lustre  Unmetallic. 


Spec.  Gravity  Hardness. 


Spec.  Gravitj  Haidneee. 


MelUte  (p.  412) 

Apophtlltte  (p.  340\ . . 

Lceweite  (p.  3»4) 

?  Lbucfte  (p.  818)  . . . 

Saroolite  (p.  816) 

Wkrneeite  (p.  316). . . 

MEioyrrE  (p.  815) 

Edingtonite  (p.  841). . . 

Chiolite  (p.  264) 

Sellaite  (p.  264) 

Gehlenite(p  880 

MeUilite  (p.  806) 

Chodneffite(p.  214) 

Zennerite  (p.  879) 

VwuviAjnTE  (p.  805).. 

T0BBES5ITE  (p    878) .  .  . 

Kochelite  (p.  363). 


1-55-1  «5 

2-2-5 

2  8-2  4 

4-5-5 

2  38 

2-5-3 

2 -4-2 -56 

5-5-6 

2-5-2-9 

6 

2'63-2-8 

5-6 

2  6-2  74 

5  5-6 

2-7 

4-4  5 

2-7-29 

4 

2-97 

5 

20-8  07 

5-5-6 

2-9  31 

5 

8-0 

8  2 

2-2  5 

3  aV8  45 

65 

84-8-6 

2-2  5 

8  74 

8-8  5 

Adelpholite  (p.  868)  . 

OCTAHEDRITE  (p.  277) 

RunLE(p  276) 

XEJrOTTME  (p.  864) 

Zircon  (p.  804) 

Azorite(p.  859) 

Romeitetp.  870) 

Sipylitc  (p.  4;,6) 

,  Monimohte  (p.  870). . 

I  SCHEELTTE  (p.  8S4). .  . 

I  Phosgentfe  (p.  408>. 

'Calomel  (p.  260) 

j  Cassitebite  (p.  275). 
I  Wulfextte  (p.  384). . 

i  Eositefp  885) 

Matlockite  (p.  262)... 
j  Stolrite  (p.  884) .... 


< 

3-8            ' 

8-5-4-5 

8-8-8 -95 

5-^-6 

4-18-4-20 

6-6-5 

4-45-4-56 

4-5 

4-4-75 

7-5 

4-7 

5-6 

4-89 

6 

594 

45^ 

5-9-6-08 

45-6 

ft-68 

.  2-75-3 

6  48 

1  1-2 

64-7-1 

6-7 

6-7^1 

2-75-3 

3-4 

72 

(  2-75-3 

7-9-8-13 

!  2-75-8 

B.   LusTBB  Metallic  (and  Sl^metallic). 


(*HALCOPTBITE  (p.  244). 

Stannite  (p.  245) 

Hausmannite  (p.  277). 


Spec.  Graviry  Hardness.  | 


Spec.  GraTity  HardneeB. 


4-1-48 
4-8-4-5 
4-72 


3-5-4     .  Braunite  (p.  277). . . . 
4  :  Fergusontte  (p.  362 ). 

5-6-5     jNagtaoite  (p.  249). . 


4-75-4-8 

5-84 

6-85-7-2 


5-8-6 
1-15 


IIL  CRYSTALLIZATION  HEXAGONAL. 
A.  Lustre  Uxmetaluc. 


Spec.  Gravity  HardneffN. 


Spec.  Gravity  Uarduesm 


Ettringite  (p.  895) i  1  75 

Coqaimbite  (p.  895) 2-2  1 

Gmklikite  (p  345)  R».    2*04-2  17 
Ceabazite  (p.  844)  R. .    2  08-219 
Levynite  (p.  813)  R  . .  .i  2  1-2  16 
Zincaluminite  (p.  440). .    2*26 
?Tridymite;p.  288)...    2-28-2  88 

Halliteip.  855)  2-4 

Cancriniteip.  :il7)...    .    2-4-2-5 
ChaloophyUit€(p.  875).    2-4-2  66 
NVPHKLITE  (p.  316>  . . .    2-5-2-65 


2 

2-'2-5 

4-5 

4-5 

4-4-5 

2-5-3 


5-6 
2 
5  5^ 


PTTOsmalite  (p.  840). . . 

Dreelite  (p.  890 >  R 

Magnesitk  .p.  402>  R. . 
Cronstedtite  (p.  357). . . 
Dioptase  ( p.  8*^1 »  R . . . 
Rhodochrostte  (p.  403) 

R 

Volbortbite  (p.  874). . 
BBUcnE    p.  281)  R  . 

Su>ERITE(p.  403;  R.  . 


3-82 

44-5 

8  2-3  4 

85 

3-8 

8-5-4-5 

8  35 

25 

835 

5 

3-4-8-7 

8  5-4-5 

8-55 

8-85 

8-6-4 

2  5 

3-7-3 -0 

J  3  5-4-5 

1 

*  Species,  after  whose  names  an  R  is  written,  belong  to  the  Rbombohedral  EHvision. 


520 


APPSKDIX. 


jSpcc.  Gravity  Hardm-M*. 


Quartz  (p.  284)  R 
Calcitb  (p.  31)8)  R 


Microsommite  (p.  817) . 

Alunite(p.  396)  R 

Beryl  (p  299) 

Pexkinite  (p.  855)  R. . . 

Catapleiite  vp.  339) 

Dolomite  (p.  4U)  R.  .. 
Eudialyte  (p.  299)  R... 
TOURMAUNE  (p.  329)  R. 
AXKERITE  (p.  402)  R.  .  . 

Apatite  (p.  364) 

Phenacite(p.  301)  R... 

Seybertite  (p.  :j58) 

Friedelite  (p.  302)  R... 
Breunerite  ip.  402)  R  . . 

Wurtzite  (p.  242) 

Corundum  (p.  267)  R. . . 


2 -5-2 -8 

2-5-2-78 

2-60 

2 -6-2 -75 

2-6-2-76 

2-6-285 

2-8 

2-8-2  9 

2-9-3 

2*94-8-3 

2-95-31 

2-9-3-25 

2  96-8 
3-3  1 
3-07 
3-32 

3  98 
3-9-416 


I 


7 

2  5-3-5 

6 

3-5-4 

7-5-8 

2-2-5 

G 

8-5-4 

6-5 

6-5-7-5 

3-5-4 

5 

8 

4-5 

4-75 

4-4-5 

8-5-4 

9 


,WlLLEMITE(p.  301)  R.  . 

Smitbbonite  (p.  404)  R. 

Parisite(p.  408) 

C^ovellite  (p.  249) 

Cerito(p.  840) 

Pluocerite  (p.  264) 

Greenockite  (p.  242) . . 

Zixcite  (p.  266) 

|Iodyrite(p.  200) 

Proustite  (p  263)  R. . . 

Pyrargyrite  (p.  252)  R 

•Schwartzembergite    (p. 

262) 

Tysonite  (p.  439) 

Pyromorphitk  (p.  866). 

Vaxadixite  (p.  367) 

MiMETITE  (p.  366) 


'Spec.  Gravity 

i  3-9^3  ~~ 
I  4-4-45 

4-.^5 

4-6 

4  91 

4-7 

3  8-.5 

5-4-5- 


5  5-5 


i 

7 

5-4-5-56 
5-7-5-9 

5  7-6-8 

618 

6-5-71 

0-7-7-23 

7-7-25 


UardneML 


5-5 

5 

4-5 

1-5-3 

55 

4-5 

8-3-5 

4-4-5 

soft 

2-2-5 

2-2-5 

2-2-5 
45-5 
8-5-4 
2-5-8 
8-5 


B.  Lustre  Metallic  (and  Submetalltc). 


Spec.  Gravity 


Graphite  (p.  230) 

Chalcophanite  (p.  283).. 

Pyrriiotite  (p.  241) 

Molybdenite  (p.  233). . 
Menaccaxite  (p.  209)  R 
Hematite  (p.  26S)  R . . . 

Beyrichite  (p.  241) 

Millerite  (p.  241)  R  . .    •»  u-o  v 
Pyrargyrite  (p.  *i52)  R   5-7-5  9 

Arsenic  (p.  228)  R I  5-93 

Tellltiium  fp.  227) 61-6-3 


21-2-28 

3-91 

4-4-47 

4-4-4-5 

4-5-5 

45  53 

4-7 

4-6-5-65 


Hardnc>8j<. 

1-2 

2-5 

8-0-45 

1-1  -5 

5-6 

5-5-G-5 
3-3  5 
8-3-5 
2-2  5 
3-5 
2-25 


Allemontite(p.  227)... 
Antimony  (p.  227)  R. . 
Tedradymitk  (p.  233). 
NiccouTE  (p.  242)  . . . 
Breithauptite  (p.  243). 

Joscite(p.  238) 

Wehrlite  (p.  283) 

Cinnabar  (p.  240)  R  . 

BlSMLTH(p.  227) 

Iridosmine  (p.  224). . . 


Spec.  Gravity 

Haidne^. 

018-63 

8-8-5 

6-6-6-7 

8-8-5 

7-2-7-9 

2 

7  3-7-7 

5-5-5 

7-54 

5-5 

7  93 

soft. 

8-44 

1-2 

90 

3-2-5 

9-73 

2-2-5 

19-3-21 

6-7 

The  crystals  of  the  following  species  are  sometimes  Pselt)0-Hexaoonal  (see  pp.  96,  9r, 
and  188-190/  as  a  result  of  repeated  twinning  : 

Aragonite,  cerussite,  chrysoberyl,  jordanite,  leadhillite,  milarite,  stephanite,  strontian- 
ite,  witherite,  zinkenite. 

The  species  of  the  mica  group  and  most  of  those  of  the  chlorite  groups  are  also  Pseudo- 
Hexagonal,  the  true  form  (monoclinic)  approximating  very  closely  to  that  required  by 
the  hexagonal  system. 

IV.  CRYSTALLIZATION  ORTHORHOMBIC. 

A.  Lustre  L'nmetallic. 


Stnivite(p.  37-) 

Lecontit€(p.  392^ 

Aphthitalite  (p.  390)... 

Mascagnite  (p.  3:>2) 

Epsomite  (p.  394) 

Fauserite  (p.  394) 

Nitre  (p.  379) 

Er3rthrosiderite  (p.  261). 

Newberyite  (p.  4"32) 

Goslarite(p.  395) 

Sulphur  (p.  228) 

Natrolite  fp.  342 \ 

?Pilinite(p.  344) 

?Gisraondite  (p.  341) . . 

Eudnophite  (p.  344) 

TnoMsoxiTE  { p.  842)... 

Wavellite  (p.  876) 

Scorodite  (p.  375) 

Poraterite  (p.  300) 


spec.  Gravity 

nardnc0'> 

1-65-17 

2 

2-2  5 

1-73 

3-3-5 

173 

2-2  5 

1-75 

2-25 

1-89 

2-2-5 

1-94 

2 

2  04 

2-2-5 

207 

1-5-2 -5 

2-17-7  25 

5-5-5 

2-20 

2  265 

4  5 

2  27 

5  5 

2-3-2-4 

5-55 

284 

3  4 

8  1-3-3 

3-5-4 

3  2-3-83 

6-7 

Zoisite  (p.  30s )  . , 
iDufrenite  (p.  378) 
•Calamine  (p.  389) 


Spec.  Gravity 


?  Astrophyllite  (p.  318). 
j  Hypersthene  (p.  *^90>  . 

I  Enchroite  (p.  373) 

•  DiASPORE  (p.  279) 

Chrysolite  (p.  300) 

Uranospinit«  (p  379) . . 

Orpiment  (p.  231) 

Guarinite  (p.  880) 

I^Serpierite  'p.  4:]0) 

I  Landt^Cp.  397) 

Triphylite  (p.  869). . . . 
■  Topaz  (p.  382)  

Ardenmte  (p.  310) 

,  TRIPLITE(p.  869) 

Stauroliie  (p.  336). . . . 


3  1-8-88 
2-2-3-4 
:»16-39 
8-32 
3-39 
3-89 
8-8-8  5 
3-3-8-5 
8  45 
3-48 
^9 


3-1 


3-5 

3  54-8-6 

8-4-3-68 

3-02 

3'4-8-8 

3-4-8-8 


Hardneea 


6-65 

8-5-4 

4-5-5 

8 

5-6 

8-5-4 

6-5-7 

6-7 

2-8 

1-5-2 

6 

2-5-3 

6 

8 

6-7 

4-5-5 

7-75 
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Spec.  Gravity  nardnej^s. 


Spec.  Gravity  liardDec* 


Poresitecp.  847).. 
Kaolixtte  (p.  851) 
Peganite  (p.  878). 
Mi&rite  (p.  432). 

Kieserite  (p.  894) 

IOLlTE(p.  301) 

Lanthanitb  (p.  410). . . 

Talc  (p.  348) 

Aspidolite  (p.  312) 

Pytiophyllite  (p.  349).. 
Phlooopite  (p.  312). . . 
Hai<llQgerite  (p.  371). . .  i 
Peehnite  (p.  340) . 

Strengite(p.  437) 

Aeaoonits  (p.  40 *» 

Anhydrite  (p  889) 

Herderite  (p.  870) 

Villarsite  (p.  U )) 

Pludlite  (p.  264) 

Danburite  (pp.  311,424) 
Maneanocalcite  (p.  406). 

DiacTasite  (p.  291) 

Kupfferit2  (p.  296) 

Seybertite  (p.  358) 

TyTOlite(p.  8:4) 

Reddingite  (p.  435)  . . . 
AcTUSiTE  (p.  379) .  ... 
Anthophyu.ite  (p.  295). 

AXDALUSITE  ( p.  381) .  .  . 

Humite  (p.  327> 

Monticellite  (p.  300). . . . 

Eosphoritc  (p.  428) 

Childrexite  (p.  377)  . . 
Exstatite  (p.  290) 


2-41 

2-4-2  68 

1-2  5 

2-5 

3-3-5 

2-5-2-59 

5-5-6 

2*52 

2-5 

2  56-2-67 

7-7-5 

2-6-2-67 

2-5-8 

2 -6-2 -8 

1-1-5 

2  72 

1-2 

2  75-2-9 

1-2 

2-78-2-85 

2  5-3 

2-a5 

1-5-2-5 

2-8-2-9 

6-«-5 

2-87 

8-4 

2-98 

8-5-4 

2 -9-2 -98 

3-8-5 

2  98 

5 

2-99 

4-5 

3 

3 

7-7  2.5 

304 

4-5 

80> 

35-4 

3-08 

5-5 

8-31 

4-5 

8-8-1 

1-2 

310 

3-8  5 

805-319 

2-2  5 

31-3-2 

5-5 

3-1-3-2 

75 

81-8-24 

6-6-5 

8-3*25 

5-5-5 

813 

5 

818-3  24 

4-5-5 

81-8-8 

1  5'5 

■ 

lUranocipcite  (p.  439). . . 
'Chrysoberyl  (p.  274\ . 

Stroxtlixite  (p.  406) . 

Knebelite<p.  800) 

Libethexite  (p.  873) . . 

Bromlite  (p.  406) 

Atacamite  (p.  261) 

Claudetite(p.  2Si) 

Hortonolite  «p.  300) 

Celestite  (p.  388) 

Kocpperite  (p.  800) 

Sternbergite  (p.  240) . . . 
I  Cervantite  (p.  284) 

Tephroite  (p.  800) 

Brookite  (p.  -i77) 

GoTHite  (p.  2^0) 

Olivexite  (p.  373) 

I  Witherite  (p.  406) 

1  Barite  (p.  8b7) 

1  Moijrbdite  (p.  *^84^ 

;  EuxENiTB  (p.  362) 

Polymignite  (p.  3i52). . . 

Polycrase  ip.  362. 

'  -lEsCHTXlTE  (p.  362) 

jCotunnite  (p.  261) 

i  Valbxtixitb  «p.  284>.. . 

Descloizite  (p.  867) 

Pucherite  (p.  867) 

Axglesitk  (p.  389) 

Kentrobteip  480) 

Leadhilute  (p.  S^^.. . 

Cercssite  (p.  407) 

Nadorite  (p.  370) 

.  Mendipite  vp.  262) 


8-53 

3-5-8-84 

8-5 

8-6-3-71 

3-5-4 

3-71 

6  5 

3  6-8  3 

4 

37 

4-4-5 

876-3 -9 

8-85 

3-85 

8  91 

6-5 

39-8 -98 

8-8-5 

3-9&-4-08 

6-5-« 

4-21 

1-1-5 

4  08 

4-5 

4-412 

554J 

4-03-4 -23 

6-5-« 

4-4-4 

5-55 

41-44 

8 

4  8 

8-8-73 

48-4-7 

2-V«^5 

4-5 

1-3 

4-645 

6-5 

4-7-4-85 

6-5 

5-1 

55 

4^-514 

545 

5-24 

soft 

5-57 

2-5-3 

5  SI 

8^ 

5^1 

4 

61-6-39 

275-4 

619 

5 

62<^6-44 

2-5 

648 

8-«-5 

7-02 

8 

7-71 

2-5-8 

B.  Lustre  Metallic  (and  Scbxetallic). 


spec.  Gravity  Hardncn*. 


8pec.Grar;tT  Eardne«« 


Ilvaite  ^p.  3)9) 

Mangaxite  1  p.  280) 

Chalcostibite  .  p.  250). . . 

Exargite  (p.  257) 

Epi^nit'^  (p  20"^) i 

Spathiopynte  (p.  2^^ . , 

STiBxrTE'(p.  23-2) I 

Famatinite  (p.  -258) 

Klaprotholite  p.  -251)  .  | 

Maecasite  p.  247) 

Livingstonite  ^p.  232)..i 

StyJotypite  (p.  254) 

Pyrolusite  p  2T8)  . . . 
Witticbeiiite  (p.  -254).. . 

Guejarite  (p.  42S) 

Gaanajuatite  (p  28:3 » . . 

Empleciit^  (p.  2.y)) 

ZiXKEXiTE  p.  2.y)) : 

Sartortte  p.  250) 

SAMARSKlTE(p.  861)...  . 
DCFREXOYSITE  (p.   '251 ». 

YTTROTA:rrALrrE       (p. 
361» 


8-7-42 

5  5-6 

4-2-4-4      i 

4 

4-25-5 

8-4 

4-44 

8 

3-5 

4-5 

6-7 

4-52 

2 

4  57 

3  5 

4  6 

25 

4  7-485 

6-^5 

4-81 

2 

4-79 

3 

4-^2 

2-2  5 

5 

35 

5-03 

35 

6  15 

5-1-5  2<3 

2  2  5 

535 

3-8-5 

5-:i9 

8 

5-45-5-7 

5-541 

5  5-5  6 

8 

5-4-5^ 


5-5*5 


Jamesoxite  (p.  251) . . 
Chalcocite  (p.  2^). . . 

COLUMBITE  (p.  360).  .  . 

BorRXoxiTB  <p.  2o8) . 

I  Diaphorite  \p.  2:'r2) 

Glaucodot  (p.  248).... 
AifciniteCp  254> , 

POLYBASITE  (p.  257).  .  . 

Stephaxite  (p.  256l  . , 
Stromeverite  (p  240). . 
Wolfacliite  p.  247)... 
Arsenopyrite  (O.  247). . 

Jordanite  'p.  -2oi ) 

Geocronitc  (p.  257) 

.\Uocla5it€  I  p.  24>fV... 
BiSMrTHrxTTE  p.  232). 
Leucopvrite  (p.  '248 1 .  - 
L5llingit€  ^p.  248).... 
Acaxthite  (p.  239<. . . 
Taxtalite  (p.  a59) . . . 

UE96ITE(p.  238) 

Krennerite  •  p.  480) . . . 
DySCK ASTTE  (p.  284) . . 


5-5-5-8 

5  5-5^ 
5-4-<55 
5-7-5 -9 
5-90 
6-0 

6  1  6S 
621 
6-27 
6-2-6-3 
6-37 

6  6-4 

6-4 

64-6^ 

6  6 

64-7-2 

6  2-7-8 

6-8-87 

716-7-8 

7-8 

»-8-8-6 


2-3 

2  5-8 

6 

2-5-8 

2  5-8 

5 

2-2-5 

3-8 

2-2-5 

2-5-3 

5-5 

5-5-6 

2-3 
4-5 

;2 

545-5 

2-5 

e4S-5 

2-8-5 


9  4-9  8        3-5-4 


CRYSTALLIZATION  MONOCLIinO. 

A.  Lu»TBB  U.XUETILUC. 


jSpecOnvlty  Hnrdno 


Natron  (p.  406) '  1'43 

MisABiLiTB  (p.  a&a)...'  1-48 

BoBiS(p.  SSI) j  1-73 

Cupperas(p.  891) l-i<--i-2 

QiY-LnssiTB  (J).  4U6),.  19  199 

Botryogen  (p.  8B0)     ..'  2'04 
WheweUitefp.  4I2)....| 

TBONi(p.  lOSi 2-11 

HydroniignesiW  {p.409)  2-14-2-18 

SeoLBCTTB  (p,  S18> I  3-1-2-4 

Stilbixe  Ipp.  8t6,  4871,  a-00-2-2 
Phii.lipsite    (pp.   34S, 

43a) 

Heula-vdite  (p.  847). 
GvpsHM  (p,  """ 

QlBI 


y  (p.  3?3)  . 


SyDgeniU  (p.  3U4).  . 

laumuktitk  (p.  am 

EpiaitLBiTK  (p.  347). 
BrewsteriW(p,34r).. 
I*elalilfl  p,  28.1).  . 
Habhotovb  <p.  846) 
Ohtboclaje  (p.  321). . . 

VtriASirE  (p.  371) 

RlPlDOLITE  i  p.  350). . . 

PBCTOIJTB<p,  337).    ... 

Pbabmacoute  <p.  3T{I 

GLAlTBEitlTE  {p.  391).    . 

fllOTiTK  (p  313).  Lbpi. 

MusconTE  (p.  313) — 
Vaalitelp.  Sjiii 

■Wol.l.*sTnNITIt(n,   3i)i; 

Datolite  (p.  834) 

HvALOPH.iNG  (p.  :;32). . 
ProchloriUilp  357)  .. 
Coruadopbillieip.  35^). 
IsocUnit*  (p.  a;8)  .... 
fRToLrrEfpp  -i64.424 
ThomMDolite  ip.  438). . 
Pachkolite  (p.  365). . . 
Jmucot^ainite  (pp.  300, 

430)  

Mabqabits  (p.  35))... 
AXPHIBOI.Elp  SSSi    ... 

Ekythbitc  (p.  372)... 


3-30  I 

.  a-2 

,  2-8-2-88 
.  a-8-2-4 
.1  3-25-a-8 

.  j  8-3.va-;i6  i 

.  3-25-2'80| 
.1  2-43 

a-4-a-3    ! 
;  2-4-> 

■  8-4-3-6 

.'  3-58-aea 

~ -6-2-8      ' 


3-5-4 
4-40 
4-.5-0 
6-11-6 


2-8-2-0 
2 '9-2 -06 
2-9 


3-97 
2-»& 
2-9-8-4 


]  2-2-3 

■  4-5-5 
5  5-5 
6-a-5 


I  Waosbbitk  (p.  869),. 

KWtiyite  (p.  3T3).,.. 
Ludlarolt«  (p.  3T3I... 

I  SraucxENE  (p.  305).. 

I  Lakulite  (p.  878) 

EtcLAPBip,  833) 

HerrenKTuaiiiteip.  426 

Johannite  Cp.  897) 

.Cbokdboditb  tp.  837) 

CLlMOBtmiTE  {p,H2S). 
PlOSOUTK  (p.  ^1)... 
AU-AKtTB  (p.  808),... 

iEpidote  (p.  307) 

iPtboxenb  (p.  203).... 

Acmltffp.  -iQi) 

Homilite  Ip.  429) 

Dickinwmite  (p.  425).- 
PiedmonUte  $.  80B).. 
Fillowiteip.  427) 

ItBALOAB   Ip.  S31) 

TrrAKiTB^.  835) 

JEeiriteCp.  304),. 

Keilhaiiito  ip.  3:^6) 

AiURnE  {p.  4)1) 

BiitrrocALaTE  ip.  40t)j 

iTriplcidite  (p.  4S9) i 

;Chnlcoii)cnitB  Ip.  4i''J), . ' 

MAtACHITE   (p.  411).    .1 

iBBiicnAsTrTE  (p.  SOOi. 

Triieprite  (r.  870) 

Dumngite  (p.  87«) 

Gadolinitc  (p  809). . . . 
Pyroetitpnlte  (p.  293). . 
Clisoclasitk  (p.  8?4). . 
MoMAZiTE  (j>.  368),  Tur. 

M  lABOtBITE  (p.  249) .  .  . 

LiSABiTR  (p.  896) 

VAtaUELlMTK  ip.  888). 
Laxmannite  (p.  886). . , 
Waipurgite  (ri.  879).., 

CftOCOlTK  (p.  WiH) 

I^narkit*  ip.  861) 

Caledonite  (p.  891j...  . 
Mtcabasile  (p.  m^l. . .  . 
HQbneritoip.  S8J) 


3-1 -3 -24 
8-1-8  24 
3-2-8-3 


8  ■2-3-53 

3  34 
i  8*84 

84-4 

848 
I  8-4-8-6 
i  8-4-8  66 

8 '45-8-0 


87 


3-35 
6-6-5 
6-6-5 


1-5-S 
5-6-S 
6-6-6 


4-4 -3        ,  6-6-7 


40-5-21 
5-2-5-24 
6-3-5-45 


26-S 

a-a-6 

3-5-8 


B.  LusTSG  Mktallic  (arul  Subketaluc). 


■Sp^.Gnvlty 

n.rd>.c«i 

1 

SpM-GmrH). 

fl-34 

BMrdD« 

AUAKITKip.  808)... 

.|  3-4-3 

6-S-6 

2-6 

ClBrite<p  25>?) 

S-5 

Freikslkbesite  ip,3Sai 
Wolframite  (p.  383).. 

Stlvasite  IP  348) 

6-6-4 

Credneritofp,  378)... 

.  1  4-B-.V1 

4-5 

7-1-7-66 

UUROTBITE  Ip.  319). 

.  1  63-5  4 

2-2  6 

8-8-3 

1-6-3 

.    3-4 

2-.) 

1 
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CRYSTALLIZATION  TRICLINIC. 


spec.  Gravity 


Sassolpte  (p.  380) i  1  "48 

Hannayite  (p.  428) '  19 

Chalcaxthite  (p.  894).'  2*21 

Wftpplerite  (p.  371). . . .  2-48 

Microcline  (p.  326) 2*54 

Albttb  (p.  323) !  2-5^2*65 

OuGOCLASE  (p.  323> !  2-65-2  69 

Labeadorite  (p.  321)..!  2*67-2 70 

MoNETiTE  (p.  4'52) 2*75 

Andesite  (p.  322) ;  2-61-2'74 

Anorthtte  (p.  321) ;  2*66-2-78 


Eggonite  (p.  425) 

t Amblygonite  (p.  369) . . 

I'Fairfieldite  (p.  426) 

iAxinite  (p.  310) 

iBabingtonite  (p.  295).. 

iCyanite  (p.  832) 

Rhodonite  (p.  294) 

iVeszelyite  (p.  873) 

iRoseliteip.  372) 

?  Brochantite  (p.  396 \ 
Pseudomalachite  (p.874) 


Spec.  Gravity  Hardneif. 


3^11 

8-15 

8-27 

8-3-3 -87 

8-4-37 

8  4-3-7 

8-5 

;}-5"3r)8 

3 -8-3 -9 

4-4-4 


4-5 

6 

3-5 

6-5-7 

55-6 

5-7-25 

5-5-6-5 

4 

3-5 

8-5-4 

4-5-5 


m.  AUZXLIART  TABLBS. 


A.  Minerals  whose  Hardness  is  equal  to,  or  greater  than,  7  (Quar(z=7), 


Qnartz  (p.  2Bi) 
Tridvmite  (p.  288) 
Dan6urite(p.  311) 
Boracite  (crystals)  (p. 
Cyanito  (p.  33*2) 
Tourmaline  (p  329) 
Garnet  (p.  302) 
Iolite(p.  311) 
Staurolite  (p.  336) 
Schorlomite  (p.  337) 


Hardness. 


381) 


7 
7 
7 


Cryst.* 
III.   (R) 
III.? 
IV. 


I. 


5-7-25  VI. 
6-5-7-5  III. 
6-5-7-5  I. 
7-7-5  IV. 
7-7-5  IV. 
7-7-5       — 


(R) 


Euclase  fp.  333) 
Zircon  (p.  314) 
Andalusite  (p.  381) 
Beryl  (p.  299) 
Phenacite  (p.  301) 
Spinel  (p.  271) 
Topaz  (p.  832) 
Chrysoberyl  (p.  274) 
Conindum  (p.  267) 
Diamond  (p.  228) 


Hardness. 
7-5 
7-5 
7-5 
7-5-8 
7-5-8 
8 
8 

8-5 
9 
10 


Crvet 

II.* 
IV. 
III. 
in.  (R) 

1. 
IV. 
IV. 
III.  (R) 


The  following  minerals  have  hardness  equal  to  6-7,  or  6*5-7. 

Iridfwmina,  III. — Cassit^rite,  II.;  Diaspore,  I V. ;  Chrysolite,  IV.;  Spodumeile,  V. ; 
Epidote,  V. ;  Aniennite,  IV. ;  Gadolinite,  V. ;  Fibrolite,  V. ;  Feldspars,  VI. ;  Azioite,  VI. 

B.   UnmetuVic  Minerals  which  are  distinctly  foliated  in  some  of  their  tarieiies» 

1.  Micaceous:  oasflv  separable  into  very  thin  laminae,  flexible  to  slightly  brittle. 

ft.  Micas  (pj).  311  to  315):  lamiu®  tou^h  and  elastic,  except  when  they  have  under- 
Ifone  alteration:  Anhydro-os.  Here  are  included  the  species:  Pblogopite;  Biotite;  Museo* 
vite;  LiepidoUte;  Cryophyllite.     These  graduate  into  the 

Hydeo-mioas  mp.  353,  354).  in  which  the  lamina  are  inelastic  and  more  or  less 
brittle.     Here  belong:  Fahlunite;  Margarodite;   Damourite;   Paragonite;  Cookeitc;  Eu 
phyllite;  Oellacherite,  etc. :  and  related  to  these,  Margarite. 

Lepidoinelane  is  another  mica  (anhydrous  or  nearly  soj  whose  folia  are  nearly  in- 
elastic.    Astrophylliie  is  a  micaceous  member  of  the  pyroxene  family. 

b.  Chlorites  (:I55  to  357):  lamina*  tough  but  mostly  inelastic;  hydrous  ;  color  gen- 
erally dark-green.  Ilere  are  included:  Penniuite;  Kipidolite:  Prochlorite,  etc.  These  are 
related  to  the  VERMicri.tTES  (n.  355  .  in  which  the  Jaminie  are  less  tough,  being  more  or 
less  brittl**:  JefPerisite;  Pvrosclerito.  etc. 

e.  Pvrophvllitn.  I'alc  sometimes  rather  micaceous.  lamin»  soft,  and  somewhat 
greasy  to  the  feel.  Brticite  is  related  in  character,  but  differs  chcmioally  in  being  soluble 
in  acids. 

d.  TorVwmitc  color  deep.green;  Autunite,  color  yellow  to  bright-green,  lamince  brittle. 


♦Here,   as  elsewhere,  I. —  Isometric:  11.= Tetragonal;   III.  =  Hexagonal;    IV.^eOrtho* 
rhombic;  V  -rMonoclinic;  Vl.=Tricliuic. 
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2.  Not  properly  micafCeous,  though  separable  more  or  less  easily  into  thin  lamina. 
Chlontoid  (p.  858)  and  Seybertite  (p.  868)  nre  foliated,  the  lamince  not  separating 

So  also  Bronzite,  HyxMZBtDene,  Diallage,  and  Marmolite. 
Gypeoxn  sometimes  oconis  in  soft,  separable  laminae  (var.  Selenite),  slightly  flexible 
Ziiusite  and  Erythrite  are  sometimes  foliated  but  not  separable. 

0.  UhmetaUic  Minerals  which  in  some  of  their  varieties  have  a  fibrous  structure. 

1.  EasUy  separable  into  flexible  fibres. 

Asbestos  (=amphibole) ;  Grocidolite;  Cbrjsotile  (=serpentine);  Anthrosiderite. 

2.  Fibrous,  not  easily  separable ;  stractnre  graduating  into  colomnar. 

Anhydrous  SHieates : — Bnstatite  ;  WoUastonite ;   FibroUte  ;  also,   though  more  properlj 
oolunmar  in  structure  : — Qyanite ;  Epidote ;  Tourmaline. 

Hydrous  Silicates,  Zeolites  mostly  : — Thomsonite  ;  Okenite ;  Natrolite ;  Scolecite ;  Peoto< 
lite ;  Garpholite.     Also  some  Serpentine. 

nosphatss;  Arsenates: — Wavellite;  Caooxenite  ;   Pharmaoolite;   Dufrenite ;  OUrenito 
ViTianite;  Fyromorphite. 

StdphtUes:  Anhydrite;  Barite;  Oelestite;  Gypsom. 

Garhonaies: — Calcite;  Rhodochrosite ;  Magnesite;  Hydromagnesite;  Aragonite;  Mala- 
cliit*e. 

Aibo: — Brucite  (nemalite);  Sussezite;  Ulexita 
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Abriachanite,  420. 

Acadialite,  844. 

Acanthite,  239. 

Aehrematite,  385. 

Achroitc,  330. 

Acmite,  294. 

Actinclitc,  297. 

AdamiiK^,  Adamite,  873;  420. 

Adelpholite,  303. 

Adular,  Adularia,  325. 

^girine,  -^gyrite.  294. 

Agrinite,  :.50. 

JEschyuitc,  362. 

Agalmatolite,  349,  352. 

Agaric  mineral,  400. 

Agate,  286. 

Aglaite,  420. 

A^ricolite,  302. 

Aikinite,  25  i. 

Aikite,  4:i5. 

Akanthit,  v.  Acanthite. 

Akmit,  V.  Acmite. 

Alabandite,  287. 

Alabaster,  893. 

Alalite,  298. 

Alaskaite,  420. 

Alaun  V.  Alum. 

Alaunstcin.  396. 

AJbertite,  416. 

Albitj  323;  420. 

Alexandrite,  275. 

Alpfodonite,  235. 

Alipite,  :J51. 

Allanite,  308. 

Allemontite,  227. 

Alloehroite,  v.  Andradite. 

Alloclasite,  248. 

AUophane,  341. 

Allophitc,  Srs 

Almandin,  Almandite,  30-3. 

Alsheditc,  438. 

Aistonito.  V,  Bromlitc. 

Altaite,  2-^7. 

Alum,  Native,  895. 

Alumina  =:=  Aluminum  oxide. 

Aluminum  carbonate,  410. 

chloride,  260. 

fluoride.  264,  265. 

fluo-slUcate,  382. 


I  Aluminum  hydrate,  279, 282. 
hydro  -  sulphate, 

395. 
mellate,  412. 
oxide  (Alumina), 

267. 
phosphate,     8i5, 
376,    377,   378, 
430. 
silicate,  331,  332, 

841,  349,  351. 
sulphate,  395, 896. 
Aluminite,  395. 
Alunite,  396. 
Alunogen,  395. 
Amalgam,  225. 
Amazonstone,  325. 
Amber,  415. 
Amblygonite,  869;  420. 
Ainblystegite,  290. 
Ambritc,  415. 
Ambrosinc,  415. 
Amesite,  424. 
Amethyst,  286. 
Amianthus,  297,  850. 
Ammonia,  v.  Ammonium. 
Anmionium  chloride,  260. 
oxalate,  433. 
phosphate,  371. 
sulphate,  39^. 
Amphilx)le,  298;  420. 
Anulcite,  Analcimc,  343. 
Anatase,  277. 
Andalusite,  331. 
Andesini.',  Andesite,  822. 
,  Andradite,  304. 
'  Andrewsite,  878. 
Anglesite,  889. 
I  Anhydrite,  889. 
i  Animikite,  420. 
I  Ankerite,  402. 
Aunabcr^te,  872. 
AnnerCdite,  42 v. 
Annite,  313. 
Anomite,  431 . 
Anorthite,  821. 
Antholite.  v.  Anthophyllite. 
Anthoph^'llite,  295. 
Anthracite,  417. 


Anthracoxenite,  410. 
Antigorite.  851. 
AntilUte,  351. 
Antimonblendc,  284. 
Antimonbliithe,  v.  Valentia 

ite. 
Antimon^lanz,  232. 
Antimonite,  232. 
Antimonsilber,  234. 
Antimony,  Arsenical,  227. 

Gray,  232. 

Native,  226. 

Red  =  Kermesite, 
284. 

White = Valentin- 
ite,  284. 
Antimony  blende,  284. 

bloom,  284. 

glance,  232. 

oclire,  487. 

oxide,  284,  437. 

sulphide,  282. 
Apatite,  864;  420. 
Aphanesite  v.  Ciinoclasite. 
Aphrite,  400. 
Aphrizitc,  330. 
Aphrodite.  349. 
Aphrosiderite,  856. 
Aphthalose,  Aphthitalite,890l 
Apiohnito,  395. 
Aploinc,  304. 
Apophyllite,  340;  421.* 
Aquacreptite,  351. 
Aquamarine,  299. 
Arax)xene,  426. 
Aragouite,  405;  421. 
Aragotite,  414. 
Arcanite,  890. 
Arctolite,  421. 
Ardennite,  810. 
Arequipite,  421. 
Arfvedsonite,  298;  421. 
Argentine,  4 JO. 
Argentite,  235. 
Argentopyrite,  487. 
Argyropyrite,  487: 
Ante,  248. 
Arkansito,  278. 
Arksutite,  265. 
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Arqucrite,  225. 
Arragonite,  405. 
Arrhenite,  421. 
Arsenargentite,  421. 
Arsencisen,  v.  Leucopyrite. 
Arseneisensinter,  v.  Pitticite. 
Arsenic,  Antimonial,  227. 

Native,  226. 

Red.  284. 

Yellow,  284. 

White.  284. 
Arsenic  oxide,  284. 

sulphide,  281. 
Arsenical  Antimony,  227. 
Arsehikkies,  247. 
Arsenikkupfer,  234. 
Arsennickclglanz,  246. 
Arseniosideritc,  378. 
Arsenite,  v.  Arsenolite. 
Arsenolite,  284 
Arsenopyrite.  247. 
Asbestub,  297. 

Blue,!?.  Crocidolite. 
Asbolan,  Asbolite,  283. 
Asmanite,  288;  421. 
Asparagus-stone,  865. 
Aspasiolite,  858. 
Asphaltum,  410. 
Aspidolite,  812. 
Asti*akanite,  v.  B15dite. 
Astrophyllite,  818;  421. 
Atacamite,  261. 
Atelestite,  .H78. 
Ateline.  Atelite,  262;  4Q1. 
Atopite,  421. 
Augite,  298. 
Aurichalcite,  410. 
Auriferous  pyrite,  220. 
Auripigmentuiii,  282. 
Automolite,  272. 
Autunite,  379;  421. 
Aventurine  quartz,  286. 

Icldspar,  322,  828, 
8.'5. 
Axinite,  810. 
Azorite,  859. 
Azuritc,  411. 

Babingtonite,  295. 
Bagrationite,  v  Allanite. 
Baikalite,  v.  Sahlite. 
Balvraidite,  421. 
Barcenitc,  421. 
Bamhardtite,  245. 
Barite.  887. 
Barium  carbonate,  406,  408. 

nitrate,  438. 

(and  uranium)  phos 
phatc.  489. 

silicate.  822,  846, 420. 

sulphat<%  887. 
Bartholomite,  895. 
Barylite,  421. 
Baryt,  Barytes,  887. 


Baryta  --  Barium  oxide. 

Barytocalcite,  408. 

Barytocelestite,  388. 

Basanitc,  2S7. 

Bastite.  ;,51. 

Bastnasite,  408.  489. 

Bathviilite,  415. 

Batrachite,  3U0. 

Bcaumontite,  847. 

Beauxite,  281. 

Beccarite,  440. 

Bechilite,  382. 

Beegerite,  421. 

Beilstein.  v.  Nephrite. 

Bell    metal    ore  =  Stannite, 

245. 
Belonite,  110. 
Benzole,  414. 
Beraunite,  v.  Vivianite. 
Bergamaskite,  420. 
BerghohB,  297. 
Bergkrystall,  v.  Quartz. 
Bergmehl,  401. 
Bergmilch,  400. 
BergOl,  418. 
Bergpech,  416. 
Bergseife,  v.  Halloysit^. 
Bergtheer,  v,  Pittaisphalt . 
Berlauite,  486. 
Bemardinite,  435. 
Bernstein,  415. 
Beryl,  299;  421. 
Beryllium  aluminate,  274. 

silicate,  299,   800, 
301,  302,  883. 
Berthierite,  C5I. 
Berzelianite,  237. 
Berzeliite,  421. 
Beyrichite,  241. 
Bhreckite,  422. 
Bieberite,  396. 
Biharit«,  358. 
Bimsstein,  «.  Pumice. 
Bindheimite,  879. 
Binnite,  251;  2oU. 
Biotite,  812. 
Bischofite,  423. 
Bismite,  284. 

Bismuth,  Acicular  (aikinite), 
254. 

Native,  227. 

Tellurij,  •,>88. 
Bismuth  arsenate,  377,  879. 

blende(eulytite),302. 

carbonate,*412,  422. 

chloride,  262. 

glance,  282. 

nickel    (grtlnauite), 
287. 

ochre,  284. 

oxide,  284. 

selenide,  233. 

silicate,  302. 

silver,  420. 


Bismuth  sulpnide,  232. 
tellurate,  397. 
telluride,  288. 
Bismuthinite,  232. 
Hisniutite,  412. 
Bismutoferrite,  3C2. 
Bismulospha?rite,  422. 
Bittersalz,  394. 
Bitter   spar,   Bitterspath,   «, 

Dolomite. 
Bitumen,  416. 
Bituminous  coal,  417. 
Bjelkite,  424. 
Black  jack,  287. 
Blftttererz,  Bl&ttertellur,  249. 
Blatterzeoith,  r.  Ileulandite. 
Blaueisenerz.  t,  Vivianite. 
Blaueisenstein,  r.  Crocidolite. 
Blauspath.  375. 
Blei,  Gediegen,  226. 
Bleiglanz,  '^35. 
Bleiglfttte,  267. 
Bleigumme,  v.   Plumbogum- 

mite. 
Bleilasur,  896. 
Bleihomerz,  4C8. 
Bleiniere,  379. 
Blcinierite,  r.  Bindheimite. 
lUeispath.  -l07. 
Bleivitriol,  389. 
Blende,  237. 
BlOdite,  394. 
Blomstrandite,  422. 
Bloodstone,  286. 
Blue  vitriol,  394. 
Bodenite,  3U8. 
Bog-butter,  415. 
Bog-iron  ore,  281. 

manganese,  288. 
Bole.  Bolus  -  Halloysite. 
Bolivite,  422. 
Boltonite,  300. 
Bombiccite,  415. 
Boracic  acid.  380. 
Boracite,  381;  422. 
Borax,  881. 
Bordosite,  267. 
Bomite,  287. 
Borocalcite,  382. 
Boron  trioxide,  380. 
Boronatrocalcite,  381 
Bort,  229. 
Bosjcmanite,  895. 
Botallackite,  v.  Atacami^a 
Botryogen,  b95. 
Botryolite,  825. 
Boulangerite,  254. 
Boumonite,  253. 
Boussingaultite,  392. 
Bowenite,  297,  850. 
Bowlingite,  422. 
Brackebuschite,  425. 
Bragite,  362. 
Branderz,  v.  Idrialita 
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Brandisit«*,  35». 
Braanoisenstein.  280. 
Braunite,  277. 
Braonkohlc,  418. 
Braunspath,  401. 
Bravaisite.  422. 
Brwlberjcrite.  304. 
Breislakite,  r.  Pyroxene. 
Breithauptite.  *?4d. 
Breunerite.  402. 
Brewsterite,  :  47. 
Brittle  silver  ore,  c.  Stephan- 

ite. 
BrochaDtite.  396. 
Bromarjrvrite,  260. 
Bromlite.'  406. 
Bromsilbcr,  260. 
Brornvrite,  260. 
Bro^'iardito,  252. 
BroD^artine,  397. 
Bronzite.  29i». 
Brookite,  277;  422. 
Brown  coal,  418. 

iron  ore,  'i'iO. 

spar,  401,  402. 
Brucite.  2^1 :  42^.». 
Brushite.  371. 
Bncholzite,  3:^1. 
Baeklandite,  308. 
Bunsenia.  430. 
Bonsenite,  207. 
Buntkupfererz,  237. 
Bnstamite,  t:94. 
Butvrellite,  415. 
Byerite,  417. 
Byto^niite,  321. 

Cabrerite,  42-2.  ' 

Gacholonir,  289.  ! 

Cacoxenite,  Cacoxene,  878. 
Cadmium  sulphide,  242. 
Cairngorm  stone,  286. 
Calaite.  r.  i  allaite.  ' 

CaUmine,  339.  422;  404. 
Calaverite,  249;  422. 
Calcareous  spar,  tufa,   898  ; 

400. 
Calcite,  398. 
Calcium  arsenate.  870,  371. 

antimonate,  370,  421 

borate.  :^i. 

boro-silicate.  334. 

carbonate,  39^,  405. 

chloride,  2<;0. 

fluoride,  26'<. 

nitrate,  379. 

oxalate,  412. 

phosphate,  3r4.  371, 
426,  482. 

silicate,     291,     388; 
821. 

sulphate,   389,    892; 
;591. 

sulphide,  235. 


Calcium  Untalate,  359,  431. 
titanate,  270. 
tungstate,  884. 
Calcozincite,  267. 
Calc-sinter,  400. 
Caledonite,  391. 
Callais,  Callaite,  877. 
Calomel,  260. 
Calvonigrite,  434. 
Campylite,  367. 
Canaa'nite  =  White  Pyroxene. 
Cancrinite,  317;  422. 
Cannel  Coal.  417. 
Capillary  pyrit<*8,  241. 
Caporcianite,  3i><. 
Carbonado.  229. 
Carbon  diamantaire,  229. 
Camallite,  261. 
Camel ian,  2*^6. 
Carpholite,  341. 
Car}inite,  422. 
Cassiterite,  275. 
Castor,  Castorite,  295. 
Catapleiite,  389. 
Cataspilite,  353. 
Cat's  eye,  2*6. 
Cavolinite,  310. 
Celadonite,  349. 
Celestialite,  435. 
Celestite,  Celestine,  888. 
Centrallas.site,  :^38. 
Cerargyrite,  260. 
Cerbolite,  892. 
Cerinc,  3«j8. 
Cerite,  340. 
Cerium  carbonate,  408. 

fluoride,  489. 

phosphate,  864,  868. 

silicates,  808,  880. 
Cerolite,  351. 
Cerussite,  407. 
Cervantite,  284. 
Cevlanite,  Cevlonite,  271. 
Chiabazite,  844;  422. 
Chalcanthite,  394. 
Chalcedony,  286. 
Cha!cociteI  2:^9. 
Chalcodite.  350. 
Chalcolite,  378. 
Chalcomenite,  422. 
Chalcomorphite,  841. 
Chalcophanite,  2Sii. 
Chalcriphvllite,  375. 
Chaleopyfite,  244;  422. 
Chalcosiderite,  378. 
Cha'cosine,  289. 
Cha'costibite,  250. 
Chalcotrichite,  266. 
Chalk,  400. 
Chalvbite,  403. 
Chatliamite,  246. 
Chert,  287. 

CTiesterlite,  826.  [412. 

Chcssy     Copper,    Cheasylite, 


Chiastolite,  331. 
Chi'drenite,  377;  422. 
Chiolite.  264. 
Chladnite,  290. 
Chloanthite,  245. 
Chloral  I  uminite,  260. 
Chlor-apatite,  365. 
Chlorastrolite,  840. 
Chlorite  Group.  355. 
Chloritoid,  858. 
Chloritspath.  358. 
Chlormagncsite,  260;  428. 
Chlorooaldte.  260. 
Cli'oropal,  350.   ■ 
Chlorophojite,  856. 
Chlorophane,  263. 
Chlorophyllite,  35^3. 
Chlorothionitc,  260. 
Chloroti'e,  37:1 
Chodneffite,  264. 
Chondrarsenite,  872. 
Chondro<lite,3i7;  428. 
Chonicrite,  355. 
Chrismatite,  413. 
Chromeisenstein,  274. 
Chrom  glimmer,      v.     Fuch- 

site. 
Chromic  iron,  274. 
Chromite,  274;  423. 
Chrompicotite,  274. 
Chromium  oxide,  274. 

sulphide,  242. 
Chrjsoberyl,  274 
Chrysocolla,  338;  423. 
ChrysoUtc,  300;  428. 
Chrysoprase,  286. 
Chrysotile,  ;i50. 
Churchite,  871. 
Cinnabar,  240. 
Cinnamon  stone,  308. 
Clarite,  258. 
Claudetite.  284. 
Oausthalite,  286. 
Clay,  351,  ^^  sea. 
Cleavelandite,  824. 
Cleveite.  423. 
Clingrnanite,  358. 
Clinoclase,  Clinoclosite,  874. 
Clinochlore,  356. 
Clinocrocite,  423. 
Clinohumite,  328. 
Clinophwite,  428. 
nintonite,  858;  428. 
Cloanthite,  245. 
Coal,  Mineral,  417. 
Boghead,  48. 
Brown,  418. 
Cannel,  417. 
Cobalt,  Arsenical,  245,  246. 

Black  (asbolite),  288. 

Earthy,  283. 

Grav  (smaltite),  245w 

Red  (erythrile),  872. 

White  (oobaltite).  240. 
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Cobalt  bloom,  872. 
glance.  246. 
arsenate,  372. 
arsenide,  246;  248. 
carbonate,  436. 
oxide,  283. 
selenite,  432. 
sulphate,  304. 
sulphide,  245. 
Cobnltine,  Cobaltite,  246. 
Cobaltomenitc,  432. 
Coccolite,  293. 
Coke,  417. 

C5lestinc,  v.  Cclestite. 
Cceruleolactite,  376. 
Coilyrite.  341. 
Colophonito,  304. 
Coloradoite,  423. 
Colunibite,  360;  423. 
Comptonite,  342. 
Connellite,  891. 
Cookeite,  354. 
Coiml,  Fossil,  415. 
Copaline,  Copal  ite,  415. 
Copiapite,  395. 

Copper,  Anlimonial   (chalco- 
Btibite),  250. 
Arsenical,  234. 
Black    (me  I  aconite), 

207. 
Blue,  411. 
Emerald    (dioptase), 

301. 
Grav,  256. 
Indigo,  249. 
Native,  225. 
Purple,  237. 
Red,  266. 
Variegated,  287. 
Vitreous,  289. 
Copper  arsenate,  373,  374, 375. 
arsenide,  234. 
arsenite(?),  4:^9. 
carbonate,  411. 
chloride,  200. 
chromate,  380. 
glance,  3S9:V, : -' 
mica,  375. 
nickel,  242. 
oxide,  266,  267. 
oxychloride,  201,  262. 
phosphate,  373,  374. 
pyrites,  244. 
selenide,  237. 
selenite,  422. 
silicate,  301,  338. 
sulph-antimonite,  250, 

254,  255,  257,  428. 
sulph  -  arsenite,     251, 

256,  257,  25^. 
sulphate,    890,     394, 

396,  397,  428. 
sulphide,     239,     249; 
237,244 


'  Copper  s  u  1  p  h  o  -  bismuthite, 

260,  261,  254. 
'  tungstate,  884. 

I  vanadate,  874. 

!  vitriol,    v.     Chalcan- 

thite. 

Copper  ore.  Red,  266. 

Yellow,  244. 

Copperas,  894. 

Coprolites,  866. 

Coquimbite,  895. 

Conlierite,  311. 

Cornwallite,  374. 

Coronguite,  424. 

Corundellite,  358. 

Corundophilite,  358;  424. 

Corundum,  267;  424. 

Corynite,  247. 

Cosalitc,  252 ;  424. 

Cossaite,  354. 

Cossyrite,  424 

Cotunnite,  261. 

Covelline,  Covellite,  249. 

Craigtonite,  424 

Crednerite,  278. 

Crichtonite,  270. 

Crocidolite,  298. 

Crocoite,  Crocoisite,  885;  424. 

Cronstedtite,  357. 

Crookesite,  235. 

CrvoUte,  264;  424 

Cryophyllite,  315. 

Cryptohalite,  264 

Crv-ptolite,  864 

Cryptomorphlte,  882. 

Cuban,  Cubanitc,  245. 

Culsageeite,  355. 

Cummingtonite,  297. 

Cuprocalcite,  411 ;  424 

Cuprite,  -266. 

Cupromagncsite,  395. 

Cuproscheelite,  884. 

Cuprotungstite,  384. 

Cuspid  ine,  424. 

Cyanite,  332;  424. 

Cyanochalcite,  839. 

Cyanotrichite,  397. 

Cymatoiite,  849,  486. 

Cyprusite,  424. 

Damourite,  353. 
Danaite,  248. 
Dnnalite,  302;  424. 
Danburite,311;  424. 
Datholite,  Datolite,  884 
Daubreclite,  242. 
Daubreitc,  262. 
Davids  .nite,  299. 
Davrcuxite,  425. 
Dav>Tio,  Davina,  816. 
Dawsonite,  410;  425. 
Dechenite,  367. 
'  Degeroite,  364. 
Delessite,  356;  425. 


Delvauxifo,  v.  Dufrenite. 
Demidoffite,  389. 
Derbyshire  spar,  v.  Flnorite 
Descioizite,  807;  426. 
Desmine,  846. 
Destinezite,  425. 
Dewalquite,  810. 
Deweylite,  351. 
Diabantachronnyn,  866. 
Diabantito,  355. 
Diaclasite,  291. 
Diadochite,  379. 
DiaUage,  Green,  293. 
Diallogite,  Dialogite,  408 
Diamond,  228;  425. 
Dianite,  v.  Columbite. 
Diaphorite,  252. 
Diaspore,  279. 
Dichroite,  311. 
Dickinsonite,  426. 
Dietrichite,  425. 
Dihydrite,  374 
Dimorphite,  232. 
Dinite.  414 
Diopside,  293. 
Dioptase,  301. 
Dipyre,  316. 

Discrasite,  v.  Dyscrasite 
Disterrito  =  Brandisite. 
Disthene,  332. 
DitrCyt^,  317. 
Dog-tooth  Spar,  400. 
Dolerophanite,  890. 
Dolomite,  401. 
Domeykite,  234. 
Doppelspath,  399. 
Dopplerito,  415;  425. 
Douglasite,  425. 
Dreelite,  390. 
Dry-bone,  404. 
Dudleyite,  858. 
Dufrenite,  378. 
Dufrcnoysite,  251. 
Dumortieritc,  425. 
Duporthite,  425. 
Durangite,  370. 
Dilrfeldtite,  425. 
Duxite,  415. 
Dysanalyte,  425. 
Dvscrasite,  234. 
Dysluitc,  272. 
Dysodile,  415. 
Dysyntribite,  353. 

Earthy  Cobalt,  288. 
Edenite,  297. 
Edingtonite,  841. 
Edwardsite,  r.  Monazite. 
Eggonite,  425. 
Ehlite,  374 
Eisenbltlthe,  405. 
Eisenbrucite,  422. 
Eisenglanz.  268. 
Eiseuglimmer,  269. 
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Eisenkies,  1243. 
Eisenkiesel,  v.  Quartz. 
Eisenrose,  269. 
Eisensinter,  v.  Pitticite. 
Eisenspath,  403. 
Eisspath,  326. 
Ekdemite,  435. 
Ekebergite.  316. 
Ekmannit«.  354. 
Elsolite,  316. 
Elaterite,  414 
Electrum,  221. 
Eieonorite,  426. 
Elloiiite,426. 
Elroquite,  426. 
EmboUte,  260. 
Embrithite,  v.  Bonlangerite. 
Emerald,  299. 
Emerald  nickel,  410. 
Emery,  268. 
Emplectite,  250. 
Enarsite,  257. 
Eooeladite,  v.  Warwickite. 
Enophite,  436. 
EnsUtite,  290. 
Enysite,  397. 
Boeite,  385. 
Eosphorite,  423. 
Ephesite,  354. 
Epiboolangerite,  254. 
Epidote.  307. 
Epigenite,  258. 
EpiBtUbite.347;  426.     [426. 
Epsom  Salt,  Epsomite,  394; 
Erbsenstein,  400. 
Etdkobalt,  283. 
BzdOi,  416. 
Erdpech,  416. 
Eremite,  «.  Monazite. 
Brilite,  426. 
Erinite,  874 
Eriochalcite,  426. 
Embescite.  237. 
Erythrite.  372. 
Erythroaiderite,  261. 
Erythrozincite,  426. 
Eamarkite.  353. 
EtoonJte.  304. 
Ettringite.  395. 
Bucairite,  235. 
Enchroite,  378. 
Euclase,  333;  426. 
Eucolite,  299. 
Bacrasite,  426. 
Eocrypate.  426. 
EmdUalyte,  Eudyallte,  299. 
Eodnophite,  344. 
Eoffen^lanz,  r  Polybasite. 
BoKainte,  v.  Eucaifite. 
Buklas,  833. 

.Bulytine,  Eulytite,  302;  426. 
Bnmanite,  278. 
Boosmite,  415. 
Bi^Uite,854 


Eosynchite.  426. 
Eoxenite,  362. 

Fahlerz,  255. 

Fahlunite,  353. 

Fairfieldite,  426. 

Famatinite,  258. 

Faserquarz,  298. 

Fassaite,  293. 

Faujasite,  344. 

Fauserite,  1 9 1. 

Fayalite,  MO. 

Feather  ore.  251. 

Federerz,  251. 

Feitsui,  309. 

Feldspar  Group,  319;  426. 

Felsite,  323.  326. 

Feldspath.  c.  Feldspar. 

Fergusonite,  362;  427. 

Ferroilmenite,  360. 

Ferrotellurite,  427. 

Feuerblende,  252. 

Feuerstein,  287. 

Fibroferrite,  395. 

Fibrolite,  331. 

Fichtelite,  414. 

FUlowite,  427. 

Fiorite.  289. 

Fireblende,  252. 

Flint,  287. 

Float-stone,  289. 

Flos  ferri,  405. 

Fluellite,  204 

Fluoeerite,  264 

Fluor-apatite,  365. 

Fluor,  Fluorite,  263;  427. 

Fluor  Spar,  263. 

Flussspath,  263. 

Foliated  tellurium,  v.  Nagya- 

gite. 
Fontainebleau  limestone,  400. 
Foresite,  847;  427. 
Forsterite,  300. 
Fowlerite.  294 
Francolite,  365. 
Franklandite.  427. 
Franklinite,  273. 
Fredricite.  438. 
Freibergite,  255. 
Freieslebenite,  252. 
Frenzelite.  233. 
Freyalite,  427. 
Friedelite,  302. 
Frieseite,  437. 
Frigidite,  438. 
Fuchsite,  314 

Gaflolin,  Gadolinite,  309:  427. 
Oahnite,  272. 
Galena.  Galenite,  235. 
Galenobismutite,  427. 
Galmei.  339,  404. 
Ganomalite,  427. 
Garnet,  802;  427. 


Gamierite,  851 ;  427. 
Gastaldite,  298. 
Guanovulite,  392. 
Gay-Lussite,  409. 
Gearksutite,  265. 
Gedanite,  435. 
Gchlenite,  331. 
Geicrite,  v.  Geyerite. 
Gekr0sstein,  389. 
Gelbbleiera,  384 
Genthite,  351. 
Geocerite,  414 
Geocronite,  257. 
Geomyricite,  414 
Gersdorffite,  246. 
Geyerite,  248. 
GeTserite,  289. 
Gibbsite,  282. 
Gieseckite,352;  817. 
Gigantolite.  353. 
Gilbertite,  853. 
GiUingite,  354. 
Ginilsite,  428. 
Girasol,  289. 
Gi«mondine,Gismondite,  841 ; 

428. 
Giufite,  432. 

Glanzkobalt,  v.  Cobaltite. 
Glaserite,  v.  Arcanite. 
GUserz,  Glanzerz,  v.  Argen- 

tite. 
Glauber  salt,  392. 
Glauberite,  391. 
Glaucodot,  248. 
Glauconite,  349. 
Glaucophane,  298. 
Glimmer,  v.  Mica. 
GlobuUtes,  110. 
Gmelinite,  345. 
Gold,  221. 

Gold  telluride,  248,  249.  480. 
Goldtellur,  v.  Sylvanite, 
Goshenite,  299. 
Goslarite.  395. 
GOthite,  280. 
Grahamite,  416. 
Grammatite,  297. 
Granat.  302. 
Graphic  tellurium,  248. 
Graphite,  230. 

Graukupfererz,  v.  Tennantita. 
Gray  antimony,  282. 

copper,  255. 
Greenociute,  242. 
Greenovite,  335. 
Grenat,  v.  Garnet. 
Grochauite,  357. 
Grossularite,  303. 
GrOnauite,  237. 
Granbleierz,  366. 
Guadalcazarite.  241. 
Guanajuatite.  233;  42a 
Guanipite,  433. 
I  Guano,  365. 
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Guarinite,  830. 
Guejarite,  428. 
GOmbelite,  858. 
Gummite,  428. 
Gunnisonite,  428. 
Guya(]|uillite,  415. 
Gymmte,  351. 
Gyps,  V.  Gypsum. 
Gypsum,  892. 
GyroUte,  338;  428. 

Haarkies,  241 ;  247. 
Haarsalz,  895. 
Haddamite,  432. 
Hafnefiordite,  323. 
Ha^mannite,  265. 
Haidingerite,  371. 
Halite,  259. 
HaUlte,  855. 
Halloysite,  352;  428. 
Halotrichite,  395. 
Hamartite,  408,  488. 
Hamiayite,  428. 
Harrootome,  346. 
Harrisite,  240. 
Hartlte,  414. 

Hatchettite,  Hatchettine,  414. 
Hatchettolite,  428. 
Haaerit«,  244. 
Haughtonite,  431. 
Hausmannitc,  277. 
Haayne,  Haiiynite,  318. 
Hayaenite,  844. 
Hayesine,  428. 
Haytorlte,  335. 
Heavy  spar,  887. 
Hebronite,  370;  420. 
Hedenbergite.  293. 
Hedyphane,  367;  428. 
Heldburgite,  428. 
Heliotrope,  286. 
Helvin,  Helvite,  802;  428. 
Hematite,  268. 

Brown,  280. 
Henwoodite,  878. 
Hercynite,  272. 
Herderite,  370. 
Hermannolite,  361. 
Herrengrundite,  428. 
Herschelite,  344. 
Hessite,  288;  429. 
Hessonite,  v.  Essonitc. 
HetaBrolite,  Hetairite,  429. 
Heteromorphite,  v.  Jameson- 

ite. 
Heiibachito,  429. 
Heulandite,  347;  429. 
Hexagonite,  298. 
Hibbertite,  429. 
Hiddenite,  436. 
Hielmite,  361. 
Hieratite,  429. 
Highgate  resin,  415. 
Hisingerite,  854. 


Hoemesite,  371. 
Hofmannite,  435. 
Holzqpal,  v.  Wood  OpaL 
Holz  Zinn,  275. 
Homilite,  429. 

Honey-stone,  HoDigstein,412. 
Hopeite,  429. 
Horbachite.  241. 
Hornblende,  296. 
Horn  silver,  260. 
Homstone,  287. 
Horse-flesh  ore,  v.  Bomite 
Hortonolite,  800. 
Houghite,  282. 
Hovite,  410. 
Howlite,  382. 
Huantaiayite,  259. 
Htlbnente,883;  429. 
Hullite,  425. 
Humboldtine,  412. 
Humboldtilite,  306. 
Humboldtite,  884. 
Huminjte,  435. 
Humite,  327,  828, 423. 
Huntilite,  429. 
Hureaulite,  872. 
Huronite,  353. 
Hyacinth,  304,  805. 
Hyalite,  289. 
Hyalophane,  322. 
Hyaloslderite,  800. 
Hyalotekite,  429. 
HydrargilUte,  282. 
Hydrargyrite,  267. 
Hydraulic  limestone,  400. 
Hydrobiotite.  436. 
Hydrocastorite,  433. 
Hydrocenissits,  429. 
Hydrocuprite,  266. 
Hydrocyanite,  390. 
Hydrodolomite,  410. 
Hydrofluorite,  264. 
Hydrofranklinite,  429. 
Hydroilmenite.  431. 
Ilydromagnesite,  409. 
Hydro-mica  Group,  858. 
Hydrophilite,  429. 
Hydrophite,  351. 
Hydrorhodonite,  429. 
Hydrotalcite.  282. 
Hydrotitanite,  271. 
Hydrozincite,  410. 
Hygrophilite,  353. 
Hypargvrite,  250. 
Hypei-stliene,  290. 
Hypochlorite.  302. 

Ice  spar,  325. 
Iceland  spar.  899. 
Idocrase,  205. 
Idrialine,  Idrialite,  314. 
Ihleite,  395. 
Ilesite,  429. 
Ilmenite,  269. 


Ilsemannito,  284. 
Ilvaite,  809. 
Indianaite,  428. 
Indianite,  321. 
IndicoUte,  380. 
lodargyrite,  260. 
lodobromite,  429. 
lodsilber,  260. 
lodyrite,  260. 
lolite,  311. 
lonite,  485. 
Iridosmine,  224. 
Iron,  Arsenical,  247. 

Magnetic,  241, 272. 

Meteoric,  226. 

Native,  226,  429. 

Oligist  (hematite),  26a 
Iron  aluminate,  272. 

arsenate,  875,  876. 

arsenide,  247,  248. 

borate,  380. 

boro-silicate,  429. 

carbonate,  408. 

chloride,  261. 

columbate,  860. 

oxalate,  412. 

oxide,    268,    272,    279, 
280 

phosphate,  369. 871,  872, 
378,  426,  487. 

silicate.  800,  354 

sulphate,  395. 

sulphide,  241,  248.  247. 

sulph-antimonite,  251. 

tantalate,  859. 

tellurate  ( ?)  4'27. 

tungstate,  383. 
Iron  pyrites,  243. 

White,  247. 
Ironstone,    Clay,    289,    281, 

403. 
Iserine,  Iserite,  270. 
Isoclasite,  373. 
Itacoluravte,  229. 
Ivifftite,  854. 
Ixolyte,  414. 

Jacobsite,  272. 
Jade,  Common,  297. 
Jadeite,  409. 
Jamesonite,  251 ;  480. 
Jargon,  805. 
Jarosite,  430. 
Jasper,  287. 
Jauling[ite,  415. 
Jefferisite,  355. 
Jefferson ite,  298. 
Jenkinsite,  851. 
Jet,  418. 
Johannite,  397. 


Jollyte,  354. 
Joroanite,  251. 
Joseite,  238. 
Julianite,  256. 
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N.  B.—Htnj  MODH  nwll  with  an 
nltUI  K  III  dsmu,  begin  with  C 
iDEusHab. 


K&iiglinuiier.  S13. 
KkUnite,  395. 
K«Ik-Hannotonie,  r.  Phillipa- 


Kalk-rolborthit,  374. 
Kallait.  3T7. 
Kalnscit«.  3M. 
Kimmrreritp,  355. 
Kftiiimkirs,  347. 
KulfD.  Kaolinite.  391. 
Ksrelinite,  2M. 
KarjiDiU.  423. 
K>txenaug«.  iHS. 
Kotingine.  295. 
Keilbauite^  33S. 
Kdyphilc.  43«. 
KeoBgottite,  250. 
Kpnlr..lito,  430. 
Kpnnjvnl.-.  i'R 
Kermes.  Kermesite,  384. 
Eerolith,  t.  C«rolil«. 
Kerrite,  355. 
Kieael.  r.  Qunrtl. 
KiEsdkupfer.  33S. 
KieaelwUmulh.  902. 
Kkaelnnkerz.  339. 
Kieaorite,  3M. 
KilUnite,  8S3,  43G. 

~ «e. 


menMxu 
KUpttMbfl 


_Ja|nMba[ite.231. 
KliaocbloT.  356. 
KnetvOtU.  300. 
KobaltbllUhe,  873. 
Kobaltglanz.  346. 
KobalttiM.  r,  Linnriw 
K.jlMHtiioki'lliies,  Ur,. 
Kobcllile,  254. 
KocbeliU,  368. 
Kochsali.  Zm 

K<Ale,  •.  CoaL 
Kokkolit.  V.  Coccolita. 

Konir*U-nfii'-'.  ^■■^'. 

KAnUte,  {11. 
K«f>pite.  SSS. 
Kowrfreite,  Sm. 
KOttieiLo.  373. 
Korunrl,  r.  Corundum, 
Kot»chu;«ile.  357. 
Koupliolilc.  340. 
Krmntxttr,  41.i. 
Kreittonite.  272. 
Eremerrite,  361. 
Kreniwrite,  430. 
KrirarigiU,  3ff7. 


KrOnkite.  897. 


Kaplpn 


KaplpraDtimoDglaQi.  S50. 
Kupferbleiapatb,  390. 
Kaprerglanx,  S39. 
Kupfenflimnipr,  375. 
Kupteruidig,  349. 
Kupferkies.  ^44. 
KupFerUsur.  411. 
Kupfprnitkel.  its. 
KiipferMmmterz,  897. 
Kupferschaiim,  S74. 
Kupfcrsi^hwirie,  li67. 
KuplTerite.  39a. 
Kupfer-iiranit.  378. 
Kupfci^vilriol,  3W. 
KiipferwipimithgUiiz.250. 
Kyanite,  Sa2. 

Labnidorite.  821. 
Labrador  fcld»p«r,  321. 
Latzonile.  8S2. 


Lalr<)bi[«^,  r.  Annrthitc. 
lAumonilo.  Laumontite,  8 
I^aurit^  247. 
Laulite.  430. 
lAwrcncitc.  430. 
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at«l1urid9.  237.  249. 

tungslate,  38). 

TanadBU.867;  874,428. 
Leadhillite,  8BII;  480. 
Ijeberki«a,  c.  Haraaaits. 
Lecootite,  S93. 


LcitP 


;.  345, 


Lazulitc.  375. 

LcBii.  Ari-ctitifcrouB,  233. 
Blaivh  (graphite),  231). 
roniL-.>iis  (phosgenite), 

Nalive.  Z-M. 
LMdjir.tijnotiiin-.370.  879. 


lolrbdaln,  881. 
carbonate,  407. 
lUoiidt.  ■,■61. 
chiortwiirtioniiti>,  409. 
chroinate,  SN.'S.  386. 
molvbdnte  3M. 
oxithloridR.  '263. 
oiidf ,  267  277 
ph'sfhate.  3fie. 


«.-l.-m.lcv  ^36. 


sUicate,  427,   439,   430, 

431- 
Butphnl^   389.  806,  891. 
jiulphatD-cartioiiBte.SJl. 
sulphide,  23-'S. 
snlpharsenit*'.  350,251. 
■mlphantiiiionil^      350, 

351,  252,  254- 
sulpbo-bistnutlutc,  S93, 


Lederiti!.  336. 
Lehrboritite,  237. 
I#idvit«,  43a 
Lemiilite,  436. 
Lcopolditc,  260. 
LepiduliU,  814. 
Ijepidomclane,  318. 
Lepidopha^ite,  440. 
Lernilite,  430. 
Iipslejita,  3.>4. 
Utlsornitu,  307. 
Leiicaa^t^  393. 
I^uthtcnbergite,  3G7. 
1  UudU.  318;  480. 
JjeuFochalcttc,  4:10. 
Leucanianganitc.  4S6, 
LeumpotriLu.  315. 
Lcucophanltp,  StlO;  480. 
LcucopyriU,  S4S, 
Lrucotile.  430. 
Ijcviglianitc.  £41. 
lievyiie,  I*Tjniie,  843> 
Lberzol}^e,  271. 
Littethenite,  3TS;  430. 
Ltebi":ite,  413. 
Lievnle,  309. 
Lignite,  418. 
Liguritc,  330. 
Limbachitc.  351. 
Lime  =  CiJciuiD     oiide,    it 

Catciuiii, 
Ltmoslone,  400,  401 
Limonile,  280. 
Linarito,  S06. 
Liimanto,  245. 
Linsonorz.  874. 
Linionile,  438. 
Liotiite,  497. 
IJrouomte,  374. 
Liskeanlitt?,  430. 
Lithion^immer,  Bit 
JiithiopluHw,  43a 
Litbograptuc  Stmw,  400. 
Lithoniargr,  SSS. 
r.ivin)Monit-.  Sh-S:  430. 
Im,     -      -  - 


427. 


Wi:iii-H.-.  ;>-H 
I^.ui-il.'-  +:;(!. 
LSn-«itc,  394. 
lyjwipte.  3U6. 
l«>iM-laM,  32A. 
Luckite.  431. 
Liidlaiuile,  373. 
Ludwigite,  SSa 
LQneburgite,  383. 
LuzoDito,  2,V4. 
LTdian  itaDe,  887. 
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Macfarlanite,  430. 
Made,  331. 
Maconite,  355. 

Magnesia  =  Magnesiam   ox- 
ide. V.  Magnesium. 
Magnesiofcrrite,  273. 
Magnesite,  402. 
Magnesium  aluminat^,  271. 

arsenate.  .S71. 

borate,  380,  381. 

carbonate,      402, 
409. 

chloride,  2CO,201, 
423. 

fluoride,  204. 

fluo  -  phosphate, 
368. 

fluo-silicate,  827. 

hydrate,  281. 

nitrate,  379. 

oxide,  207. 

plio.sphate,  368, 
432. 

silicate,  290,  300, 
348,  349,  350. 

sulphat-e,  894. 
Magneteisenstein,  272. 
Magnetic  iron  ore,  272. 
Magnetic  pyrites,  241. 
Magnetite,  272. 
Magnetkics,  241. 
Magnoferrite,  273. 
Magnolite,  430. 
Malachite,  Blue,  411. 

Green,  411. 
Malacolit«,  293. 
Maldonite,  221. 
Malinowskite.  256. 
Mallardite,  431. 
Manganapatite,  420. 
Manganblende,  v,  Alabandite. 
Manganbrucite,  422. 
Manganepidot,  308. 
Manganese  borate,  380. 

carbonate,  403. 

columbate,  423. 

oxide,  277,  278, 
280,  282,  283, 
431. 

phosphate,  869, 
435,  439. 

silicate,  294,  800, 

sulphide,  237, 244. 

sulphate,  431, 437. 

tant^late,  359, 
437. 

tungstate,  383. 
Mangan^ianz,  237. 
Manganite,  280. 
Manganocalcite,  406. 
Manganophyllit^,  312. 
Manganosiderite,  435. 
Manganosite,  481. 
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Manganspath,  408. 
Mangantantalite,  487. 
Marble,  400. 

Verd-antique,  350. 
Marcasite,  2i7. 
Margarite,  357. 
Margarites,  110. 
Margaroditc,  358;  814. 
Margjirophvllites,  348,  et  seq. 
Marialite,  316. 
Marionite  410. 
Marmairolite,  431. 
Marmalite,  238. 
Marmolite,  350. 
Martite,  269. 

Mascagnine.  Mascagnite,  892. 
Maskelvnite.  322. 
Masonite,  358.  . 
Ma.«sicot.  267. 
Matlot'kite,  262. 
Matricite,  431. 
Maxite,  391. 
Medjidite.  397. 
Meerschaum,  849. 
Me^abasite,  :i88. 
Meionite,  315. 
Mclaconite,  267. 
Melanglanz,  v.  Stephanite. 
Melanitc,  304. 
Melanoc^hroite,  386. 
Melano|)hlopte,  289. 
Melanosidente,  281. 
Melanotekite,  481. 
Melanothallite,  431. 
Melanterite,  895;  431. 
Melilite,  Mellilite,  806. 
Melinophane,  300. 
Meliphanite,  800;  431. 
Mellite,  412. 
Meionite,  249. 
Menaccanite.  269,  481. 
Mendipite,  262. 
Mendozite,  895. 
Meneghinite,  256. 
Mengite,  36>. 
Mennige,  277. 
Meroxene,  431. 
Mercury,  Native,  224. 
Mercury  chloride,  260. 

iodide,  260. 

selenide,  237. 

sulphide,  240,  241. 

telluride,  423. 

tellurate,  430. 

sulph  -antimonit  e, 
232. 
Mesitine,  Mesitite,  403. 
Mesolite.  843. 
Mesotj-pe,  342. 
Metabrushite,  871. 
Metacinnabarite,  241. 
Metaxite,  851. 
Meymacite,  284. 
Miargyrite,  249. 
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Mica  Groupr«#f;  481. 
Michaelsonitc,  30^. 
Microcline,  326. 
Microlite,  359;  431. 
Microphyllites,  Microplakites, 

Microsomraite,  317. 
Middletonite,  415. 
Mikroklin,  i\  Microcline. 
Milarite,  432. 
Milleritc,  241. 

Mimetene,  Mimetite,  366; 432. 
Miraetese,  Mimetesite,  866. 
Mineral  coal,  417. 

oil,  41H. 

pitch,  416. 

tar,  413. 
Minium,  277. 
MirabiUte,  392. 
Mispickel,  247. 
Misv,  395. 
Mixite,  432. 
Mizzonite,  316. 
Molybdfinglanz,  238. 
Molvbdfinocker,  284. 
Molybdenite.  283;  433. 
Molybdenum  oxide,  284. 

sulphide,  283. 
Molybdite,284. 
Molybdomenite,  482. 
Molysite,  261. 
Monazit«,  368;  432. 
^londstein,  f.  Moonstone. 
Monetite,  432. 
Monimolite,  370. 
Monite,  402. 
Monrolite,  382. 
Montanite,  397. 
Montebrasitc,  870;  420, 
Monticeliite,  300. 
Montmartite,  v.  Gypsum. 
Montmorillonite,  3&. 
Moonstone,  323,  824,  325. 
Moi*denite,  432. 
Morenosite.  395. 
Moroxite,  365. 
Mosandrite,  309. 
Mottramite,  874. 
Mountain  cork,  297. 

leather,  297. 
Muckite,  435. 
Muromontite,  808. 
Muscovite,  813. 
Miisenite,  v.  Siegenite. 

Xadeleisenstein,  280. 
Nadelerz,  254. 
Nadelzeolith,  842. 
Nadorite,  370. 
Nagyagite,  249;  482. 
Namaqualite,  282. 
Nantokite,  260. 
Naphtha.  418. 
Naphthaline,  414. 
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Jfatrolite,  S43;  433. 

PhcEiiicoeliroito,  886, 

Nalron,  409. 

<Meolit«,  365. 

Pholcrite.  3r,i. 

OttreUte.  358'  433. 

Nsumannite.  335. 

Onrarorite,  304. 

Phosphocerite,  384. 

Needle  or*,  f.  Aikinite. 

OweoiU.  8.W. 

•hosphoclmlcite,  874. 

XemaUK^  283. 

Oxammite,  433. 

Neochn-soiite.  423. 

Onarkite,  ;!42. 

Pho«nhr.rik-.  365. 

Ozocerite.  Ozokerit,  414;  438. 

Phvllile.  a.'iS. 

Nephdine,  N'epholit*,  816. 

pM-hnnlitp.  305;  438. 

Phys/ilile.  3;t3. 

Nephrile,  297    432. 

Pagodite,  34!»,  352. 

PhyMciillilc.  42.t. 

Neudorate.43S. 

?alsb<.rgite,  2Bi 

Piauzite.  410. 

Newbciyitc  4S^. 

l*HlaKnnil«,a53. 

Pieite.  431. 

Newiansfciw.  224. 

Pnlladiam,  Native,  221 

Piekeringile,  Sa',;  424. 

N™p..rfil.-.  358. 

ratidcnnUe.  434. 

Pisolite.  271. 

Xi.™liTe.  -2-12. 

r»ni,-hlurite.  4:J6. 

I-icranalcite.  420. 

Nickel  antimoDide.  248.  247. 

PdnilHii.  in 

Picroallumogcae,  434. 
Picr.>!ite.  351. 

arsenale,  372. 

arsenkle.  242:  240. 

Parankerite,  402. 

Picroraerite,  304. 

Poranthile,  816. 

Picroplionnaoolitf.  371. 

oiitte.  267. 

I'arasilc  i:  Boracito. 

Pictik-,  336. 

silicate,  851,  427 

r;,r,i^nll.i[>-,   121). 

Picdinontite,  303. 

sulphate,  3«5. 

Pihlile.  349. 

sulphide,  241. 
telluride,  249. 

Pilttrite.  423. 

;■'!'-'.',''""'  Ill's  ' 

Pilinite.  34  L 

Nickel  Klaiiof,  f,  Geredorflll*. 

Pilolite.  434. 

Ni.                                1  B. 

l'!illerB.)nitp,  358. 

l'im->iil^3.-.l. 

Pealite,  2»J. 

l'iinl.-.iT.'. 

Jt'il-ki-lljljdie.  -i.-J. 

I'e«rl.rmfa,  i-.  Margarite. 

Pi-unilf.  :i0.1. 

Nktel-GymiiiLB.  351. 

Pearl-fpar,  401. 
Pechkohle,  417. 

Pis-ilite,  400. 

Niek«lldea,  241. 

l'i-lj,('Jte,  I'istjiKii,  307. 

Pechopal,  289. 

Pi*lDirii-jii.-,  Wo. 

Niobite,  tm. 

Nitre.  :i7». 

Peclolile.  337;  438. 

Pittasphfllt.  4ia 

Nitroberite,  438. 

Pegaiiite.  878. 

PitUcite.  PiUizit.  879. 

Silrocak-itt,  370. 

Peirmatolite.  i'.  Ortbodaw. 
PeTaeilc.  433. 

PlagiocitriU:.  434. 

Nilroglaubtrite,  379. 

Pl^oclase.  319. 

PelhamiW,  355. 

Plaponitc.  251. 

Pencalite,  410. 

Plasma,  286. 

Nohlile.  »«3. 

Peniiino.  Penninite,  355. 

PliWer  of  Paris.  393. 

Nimlnmile.  850. 

Pcnwithite,  ASA. 

Pkliniim,  Native.  S23;  484. 

^'oeeiui.  Nositf .  319. 

Pereyiite.  262. 

Xoiini..,.,;!,.,  Nmnoeite.  851. 

Periclnse.  Perielarile,  267. 

Ploonaslc. ,-.  SpincL 

Kutlalite.  v.  Wemerile. 

P.-ri<lol   30(1.  330. 

Pliiinl*™.  280. 
p]i:nilallf.|.hane.  341. 

Periklinc.  Periklin,  324. 

Ochre,  nA.  260. 

l'cri,stmlL'.  324. 

Plumbtigmiiniile.  377. 

OcUhedrite,  277;  438. 

PcrUIiinmcr.  357 
Pertlile.  826. 

(EUa-.'berite,  :.'54. 

'in..,tw,,t„n„i)c    .13-1. 

OkeDite,  338. 

Perofskite.  270;  m. 

Plural  "•still,  '■.  BoulangeritA 

0idbwi.ile.  215. 

■crowBkit,  270. 

Poliamt,.. -7^. 

Olig«lase,  »!3. 

Petallle.  365:  433. 

Polliuit*.  PoUui.  290. 

OliTtnitt.,  .173. 

Pel^ol.iim,  4(3. 

Poljarjiite   S63. 

OUvine.  ■.'.«0. 

P,-lziI.^  2:.'J. 

PolyarRyrite.  237. 

Ooofriti-,  433 

>hacolile.  Ut. 

Polvljoiile.  257. 

Onlan.ilit-'.  4;J5. 

'ha-aciinite.  420. 

Pokcraa-.  363. 

Onn.  287. 
Mlile,  4110. 

•han.ir,<,-,lii,..  :I70. 

Polyd.roilite.S58. 

PhAn,m....i,krii..,  376;  433. 

P..!vdyraiU,4S4. 

Opd.  288. 

Phenacitc,      Pheoikit;     301; 

P.>Ivh»me,  898:  484. 

Ophioiite,  .Vrf).  402. 

43:(. 

Poljmijniite.  362. 

Oraneile.  340, 

rh<-n.-ii.-.  \:i. 

Poonalilite.343. 

Orpiment,  23!;  433. 

!'lii!».!..!|.hil.-.  439. 

Poiwllophite,  851. 

f White.  306:433. 

|-l,d!i|.ir..  ■■!'.<:. 

Posepnyte.  4.^i. 

OrthocUae.  323;  433. 

PhillLpate.345;433. 

Polasiiuiti  rhluridc,  260. 

0i7zit«,  426. 

Phlogopite.  312. 

Ghror.:at«  (?).  4S7 
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Potassium  nitrate,  879. 

silicate,  813,  825. 
sulphate,  890. 
Potash  =  Potassium    oxide, 

V,  Potassium. 
Prase,  288. 
Prasine,  374. 
Praseolite,  853. 
Predazzite,  410. 
Pregattite,  854. 
Prehnite,  840. 
Priceite,  882;  434. 
Prochlorite.  857. 
Proidonite,  264. 
Prosopite,  265. 
Protobastite,  290. 
Protochlorite.  486. 
Protovermiculite,  489. 
Proustite,  25:j. 
Prussian  blue,  Native,  372. 
Przibramite,  2;J8,  28u. 
Pseudobrookitc,  434. 
Pseudocotunnite,  261. 
Pseudomalachitc.  374. 
Pseudonatrolitc,  434. 
Pseudophite,  356. 
Psilomelane,  2.V2;  434, 
Psittacinite.  374. 
Pueheritc,  867. 
Purple  copper,  237. 
Pycnite,  v.  Tojiaz. 
f^rallolite,  848. 
PyrargilUte,  853. 
Pyragyritc,  252. 
Pyreneite,  804. 
l*yrgom,  293;  434. 
Pyrite,  243. 
iTrrites,  Arsenical,  247. 

Auriferous,  220. 

Capillar)'.  241. 

Cockscomb,  247. 

Copper,  244. 

Iron,  243. 

Mairnetic,  241. 

Radiate<l,  247. 

Spear,  247. 

White  iron,  247. 
Pyrochlore,  359. 
Pyrochroite,  282. 
Pyroconite,  265. 
Pyrolusite,  278;  484. 
Pyromorphite,  866. 
Pyrope,  803. 
Pyrophosphorite,  484. 
Pyrophyltite.  349. 
Pyropissite,  414. 
Pyroretinite,  415. 
Pyrosclerite,  855. 
Pyrosmalite,  840. 
Pyrostilpnito,  252. 
Pyroxene,  292. 
Pyrrhite,  859. 
Pyrrhosiderite,  280. 
Pyrrhotitc,  241 ;  434. 


Quartz.  284;  484. 
Quecksilberbranderz,  414. 
Quecksilberhomerz,  260. 
Quicksilver.  224. 

Rfidelerz,  253. 
Radiated  Pyrites.  247. 
Kaimondite.  895. 
Ralstonite.  265,  485. 
Randite,  485. 
Ratofkite,  263. 
Rauite.  842. 
Raumite,  353. 
Realgar,  231. 
Red  copper  ore,  266. 

hematite,  209. 

iron  ore,  269. 

ochre,  269. 

silver  ore,  252.  258. 

zinc  ore,  266. 
Reddingite.  435. 
Rcfdauskite.  351. 
Reichardtite,  426. 
Reinite,  4  5. 
Reissite.  426. 
Remiiifftonite,  410. 
Rensselaerite,  348. 
Resanite.  389. 
Resin,  Mineral,  415,  485. 
Restormelite.  853. 
Ketinalite.  851. 
Retinite,  415. 
Reussinitc.  415. 
Rhabdophane,  485. 
Rhffitizite.  332. 
Rhaffite,  877. 
Rhodizite,  485. 
Rhodochrosite,  408;  485. 
Rhodonite,  294. 
Rhomb-spar.  401. 
Rhyacolite.  826. 
Rionite.  256. 
Ripidolite.  356. 
Ritlingerite,  252. 
Rivotite,  370. 
Rock  cork,  v.  Hornblende, 
crystal,  286. 
meal,  401. 
milk,  400. 
salt,  259. 
RoDmerite,  895. 
Rcepperite,  300. 
Roesslente,  371. 
Rogeiistein,  400. 
Rogersite,  435. 
Romeine,  I^omeite,  870. 
Roscoelite,  867;  435 
Rose  quartz,  286. 
Roselite,  872;  485. 
Rosterite,  420. 
Rosthomite,  415. 
Rosite,  358. 
Rothbleierz,  385. 
Rotheisenerz,  268. 


RothgQltigerz,  252,  258. 
Rothkupfererz,  266. 
Rothnickelkies.  242. 
Rothoffite.  803. 
Rothzinkerz.  266. 
Rubellite.  830. 
Rubislite.  485. 
Ruby,  Spinel.  Almandine.271 

Oriental,  268. 
Ruby-blende,  v,  Pyrargyrite, 
Rubv  silver.  252. 258. 
Rutiierfordite,  362. 
Rutile.  276;  485. 
Ryacolite,  v.  Rhyacolite. 

Sahlite,  293. 
Sal  ammoniac,  260. 
Salmiak.  260. 
Salt,  Common.  259. 
Samarskite,  861 ;  485. 
Sammetblende.  280. 
Sanidin,  8i5. 
Saponite,  852. 
Sapphire  2^^8;  880. 
Sarawakite,  485. 
Sarcolite.  316. 
Sarcopside,  869. 
Sard,  287. 
Sardonyx,  287. 
Sartorite,  250. 
Sassolite.  Sassolin,  880. 
Satin.s{)ar,  893,  400,  405. 
Saussurite,  809. 
Sa\ite,  I'.  Natrolite. 
Scapolite  Group,  815;  485. 
Schaumspath,  400. 
Scheelite,  884. 
Scheereite,  418. 
Schieferspath,  400. 
Schilfglaserz,  252. 
Schiller-spar,  851. 
Schirmerite,  251. 
Schmirgel,  2«8. 
Schneebergite,  48 1. 
Schorlomite,  837;  485. 
Sehraufite.  415. 
Schreibersite,  242, 
Sphrifterz,  Schrift-tellur,  248 
SchrOckingerite,  412. 
Schuchardtite,  436. 
Schuppenstein,  415. 
Schwartzembergite,  262. 
Schwarzkupfererz,  267. 
Schwatzite,  255. 
Schwefelkies.  248. 
Schwerspath,  387. 
Seleretinite.  415. 
Scleroclase,  250. 
Scolecite,  Scolezite,  84S. 
Scorodite,  375. 
Seebachite,  844. 
Selenblei.  286.   . 
Selenite.  898. 
Selenquecksilber,  28T 
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Sellaite,  264. 
Sdai^line,  835. 
Semaeyite,  436. 
Sennrmontite,  284;  436. 
Sepiolite,  349;  436. 
Serpentine,  350;  486. 
Serpierite,  436. 
Seybertite,  358. 
Shepardite,  242. 
Siderazot,  436. 
Siderite.  403. 
Sideronatrite,  436. 
Siderophyllite,  431. 
Siep^burgite,  415. 
Sio^nite.  245. 
Silaonite,  233:  428. 
Silberainal^am,  225. 
Silberglanz,  2  15. 
Silberhorncrz,  '200. 
Silberkupferglanz.  240. 
Sill)erwismuthglanz,  420. 
Silex.  r.  (juartz. 
Silieified  wood,  286. 
Siliceous  sinter,  287,  289. 
Siliciophite,  4"i6. 
Silicolx)rocaleite,  382. 
Sillimanite,  331. 
Silver,  •22.1 

Antimonial.  234. 
Bismuth,  420. 

Horn.  260. 

Native,  223. 

Ruby,  252. 253. 
Vitreous,  235. 
Silver  antimonide,  234. 

chloride,  260. 

bromide,  260. 

iodide,  260. 

selenide,  235. 

sulph-antimonite,  250, 
2.52.  256.  2^)7. 

.sulph-arsenite,  253. 

sulphide,  235,  239. 

sul  pho-bismutbite,420. 

telluride.288;248,437 
Silver  glance,  235. 
Sinionyite,  394. 
Sinter.  Siliceous,  287,  289. 
SipyJite.  4:i6. 
Sismondine,  358. 
Sisserskite,  224. 
Skapolith.  r.  Scapolite. 
Skleroklas,  v.  Sartorite. 
Skolezit.  V.  Scolecite. 
Skutterudite,  246. 
Smalt  ine.  Smaltite,  245;  436. 
Smaragdite.  *297. 
Smectite? .  349. 
Smithsonite.  404. 
Soapstone,  348. 
Soda  =  Sodium  oxide,  r.  So- 
dium. 
Soda  nitre,  881. 
Sodalite,  317. 


Sodium  borate,  381. 

carbonate,  408,  409. 

chloride,  259. 

fluoride.  264. 

nitrate,  379. 

silicate,  323,  342. 

sulphate,    390,    391, 
892. 
Sommite,  816. 
Sonnenstein,  v.  Sunstone. 
Sonomaite,  484. 
Spargelstein,  365. 
Spathic  iron,  403. 
Spathiopyrite,  246. 
Spear  pyrites,  247. 
Spcckstein,  348.  352. 
Specular  iron,  268. 
Speerkies,  247. 
Spessartite,  304. 
Speiskobalt,  245. 
Spha?rocobaltite,  436. 
SphaBrosiderite,  403. 
Sphajrostilbite,  340. 
Sphalerite,  237;  436. 
Sphene,  335. 
SJ)iauterite,  242. 
Spinel.  271. 
Spinth^re,  385. 
Spodiosite,  486. 
Spodumene.  295;  436. 
SprOdglaserz,  256. 
Sprudelstein,  405. 
Staffelite,  v.  Phosphorite. 
Stalactite,  400. 
Stalagmite,  400. 
Stanekite,  415. 
Stannite.  245. 
Staurolite,    Staurotide,    836; 

437. 
Steatite,  348. 
Steeleite,  482. 
Steinkohle,  417. 
Steinmark,  852. 
Steinai.  413. 
Steinsalz,  259. 
Stephanite,  256. 
Sterlingite,  354. 
Sternbergite.  240;  437. 
Stibianite.  437. 
Stibiconite,  437. 
Stibioferrite,  870. 
Stibnite,  232;  487. 
Stilbite.  346,  437;  847. 
Stilpnomelane,  849. 
Stolzite,  384. 
Strahlerz.  374. 
Stmhlkies.  247. 
Strahlstein.  297. 
Strahlzeolith.  v.  Stilbite. 
Strengite,  437. 
Strigovite,  357. 
Stromeyerite,  240. 
Strontianite,  406;  437. 
Strontium  carbonate,  406. 


Strontium  sulphate,  888. 
Struvite,  371. 
Stttzite.  437. 

Stylotvp,  Stylotypite,  254. 
SuDdelessite,  425. 
Succinellite,  415. 
Succinite,  415. 
Sulphur,  Native,  228. 
Sunstone,  323,  825. 
Susannite,  391. 
Sussexite,  380. 
Sylvanite,  248. 
Sylvine,  Sylvite,  260. 
Syngenite,  394. 
Szaboite,  437. 
Szaibelyite,  380. 
Szmikite,  437. 

Tabcrgite,  356. 
Tabular  spar,  291. 
Tachhvdrite,  261. 
Tafelspath,  291. 
Tagilite,  873. 
Talc,  :548. 
Talktriplite,  437. 
Tallingite,  262. 
Tantalite,  359;  437. 
Tapalpite,  289, 
Tapiolite,  361. 
Tarapacaite,  487. 
Tasmanite,  415. 
Taznite,  437. 
Tellur,  Gediegen,  227. 
Tellurite,  437. 
Tellurium,  Bismuthic,  288. 

Foliated,  249. 

Graphic,  248. 

Native,  227;  487. 
Tellurium  oxide,  487. 
Tellursilber,  238. 
TellurwLsmuth,  238. 
Tengerite,  410. 
Tennantite,  256;  488. 
Tenorite,  267;  488. 
Tephroite,  800. 
Tequesquite,  488. 
Tequixquitl,  488. 
Tesseralkies,  246. 
Tetradymite,  288. 
Tetrahedrite,  255;  488. 
Thaumasite,  438. 
Thenardite,  890;  488. 
Thinolite,  438. 
Thomsenolite,  265;  43a 
Thomsonite.  342;  438. 
Thorite,  340;  438. 
Thulite,  809. 
Thuringite,  858. 
Tiemannite,  287. 
Tile  ore,  266. 
Tin,  Native,  226. 
Tin  ore,  Tin  stone,  275. 
oxide,  275. 
pyrites,  v.  Stannite. 
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Tin  sulphide,  245. 
Tinkai,  381. 
Titaneisen,  269. 
Titanic  iron.  269. 
Titanite,  835;  438. 
Titanium  oxide,  270;  276, 277. 
Titanolivine.  428. 
Titanomorphite,  438. 
Tiza,  V.  Ulexite. 
Tobermorite,  428. 
Tocornalite.  260. 
Topaz,  332 ;  438. 

False.  286. 
Topazolite,  304. 
Torbanite,  415,  418;  488. 
Torbemite.  Torberite,  378. 
Totaigite.  436. 
Tourmaline,  329,  438. 
Travertine,  400. 
Tremolite,  297. 
Trichite.  110. 
Trielasit«,  353. 
Tridymite.288;  439. 
Triphylite,   Triphyline,  869; 

439. 
Triplite,  369. 
Triploidite,  439. 
Tripolite,  289. 
Trippkeite,  439. 
Tritochorite,  426. 
Tritomite,  340. 
Trt^rito.  379. 
Trotlite,  242. 
Trona.  408. 
Troostitc,  301. 
Tscheffkinite,  336. 
Tschermakite,  823. 
Tschermigite,  395. 
Tufa,  Calcareous,  400. 
Tungsten  oxide,  284. 
Tungstite,  284. 
Turgite,  279. 
Turmalin,  829. 
Tumerite,  368,  482. 
Turrmois,  877. 
Tyrite.  362. 
Tyrolite,  874. 
T^sonite,  439. 

Ulexite,  381. 
Ullmannite,  247. 
Ultramarine,  318. 
Unionite,  309. 
Uraconise,  Uraconite,  397. 
Uran^limmer,  378,  379 ;  439. 
Uranin,  Uraninite,  274. 
Uranite,  378,  379. 
Uninium  arsenate.  379. 

carbonate,  412,439. 

oxide,  274. 

phosphate,  378, 879, 

silicate,  341. 
sulphate,  397. 


Urankalk,  412. 
Uranmica.  378,  379. 
Uranochalcite,  897. 
Uranocircite,  439. 
Uranophane,  341. 
Uranospinite,  379. 
Uranotantalite,  361. 
Uranothallite,  439. 
Uranothorite,  438. 
Uranotile,  841;  489. 
Uranpecherz,  274. 
Urao,  409. 
Urpethite,  413. 
Urusite,  486. 
Urvolgyite,  428. 
Uwarowit,  304. 

Vaalite,  855. 
Valentinite,  284. 
Vanadinite,  367;  489. 
Variscite,  439. 
Vauqueline,  Vauquelinite, 

886. 
Venasquite,  433. 
Venerite,  439. 
Verd-antique,  850. 
Verraiculite.  355 ;  439. 
Vesbine,  439. 
Vesuvianite,  305,  440. 
Veszelyite,  373,  440. 
Victorite,  290. 
Vietinghofite,  435. 
Villarsite,  840. 
Vitreous  copper,  239. 

silver,  235. 
Vitriol.  Blue,  394. 
Vivianite,  371. 
Voglianite,  397. 
Voglite.  412. 
V61knerite,  282. 
Volborthite,  374. 
Voltaite,  395. 
Vorhauserite,  351. 
Vreckite,  422. 
Vulpinite,  889. 

Wad,  283,  440. 
Wagnerite.  868;  440. 
Walchowito.  415. 
Walkerite,  433. 
Walpur^ite,  379,  440. 
Waluewite,  440. 
Wapplcrite,  371. 
Warrinfftonite,  896. 
Wan^ickite,  382. 
Wattevillite,  440. 
Wavellite,  376. 
Websterite.  v,  Aluminite. 
Wehrlite,  233. 
Weissbleierz,  407. 
Weissite,  353. 
Weisspiessglaserz,  284. 
Wemerite,  816. 


Wertheraanite.  396. 
Westanite,  ^32. 
Wheelerite,  415. 
Wheel-ore.  263. 
Wh^wellite,  412. 
Whitneyite,  285. 
Wichtine,  Wichtisite,  299i 
Willcoxite,  358. 
Willeraite.  301. 
Williamsite,  351. 
Wilsonite,  353. 
Winklerite,  372. 
Winkworthite,  882. 
Wiserine,  277.  364. 
Wismuth,  Gediegen,  227. 
Wismuthglanz,  232. 
Wismuthoekcr.  284. 
Wisrauthspath,  412. 
Witherite,  406. 
Wittichenite,  254 
Wocheinite.  281. 
WChlerite,  300. 
Wolfachite,  247. 
Wolfram.  388. 
Wolframite,  383. 
Wollastonite.  291. 
Wollongongite,  416;  488L 
Wood-opal,  289. 
Wood  tin,  275. 
Woodwardite,  397. 
WOrthite.  332. 
Wulfenite,  384;  440. 
W^tirfelerz,  376. 
Wurtzite.  242,  426. 

Xantholite,  437. 
Xanthophyllite,  358;  44a 
Xanthosiderite,  281. 
Xenotime,  364;  440. 
Xyloretinite,  415. 

Yenite,  309. 
Youngite,  440. 
Yttergranat,  303. 
Ytterspath,  864. 
Yttrium  phosphate,  364. 
Yttrocerite,  264. 
Yttrogummite,  428. 
Yttrotantalite,  361,  862. 
Yttrotitanite,  386. 

Zaratite,  410. 
Zeolite  section.  842. 
Zepharovichite,  376. 
Zeunerite,  379. 
Ziegelerz,  266. 
Zietrisikite,  414. 
Zinc.  Native,  226. 
Zinc  aluminate.  272. 

arsenate,  373. 

blende,  237. 

bloom,  V,  Hydrozincite 

carbonate,  404,  410. 
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Zinc  ore,  Red,  266. 

oxide.  266,  273. 

silicate,  801.339. 

sulphate,  395,  440. 

sidphide,  237.  242. 
Zincaluminite,  440. 
Zincite,  266. 


ZinkbltLthe,  410. 
Zinkenite.  250. 
Zinkspath.  404. 
Zinnerz,  Zinnstein,  275. 
Zinnkies,  245. 
Zinnober,  240. 
i  Zinnwaldite,  v,  Lepidolite. 


I  Zippeite,  397. 
I  Zircon,  304;  440. 
;  Zoisite.  308. 
I  Zflblitzite,  a51. 

Zonochlorite,  340. 
I  Zorgite,  237. 

Zwieselite,  36a 
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BrufTs  Ordnance  and  Gunnery 8yo,  6  00 

Bucku ill's  Submarine  Mines  and  Torpedoes. 8yo,  4  00 

Chase's  Screw  Propellers 8vo,  8  00 

Cooke's  Naval  Ordnance 8vo,  12  50 

Cronkhile's  Gunnery  for  Non-com.  OflScers 18mo,  morocco,  2  00 

De  Brack's  Cavalry  Outpost  Duties.    (Carr.). . .  .18mo,  morocco,  2  00 

Dietz's  Soldier's  First  Aid 12mo,  morocco,  1  25 

*  Dredge's  Modem  French  Artillery 4to,  half  morocco,  20  00 

Record  of  the  Transportation  Exhibits   Building, 

World's  Columbian  Exposition  of  1898.  .4to,  half  morocco,  15  00 

Dyer's  Light  Artillery 12mo,  8  00 

Hoflf's  Naval  Tactics 8vo,  1  50 

Hunter's  Port  Charges 8vo,  half  morocco,  18  00 

Ingalls's  Ballistic  Tables 8vo,  1  50 

* '      Handbook  of  Problems  in  Direct  Fire 8 vo,  4  00 

Mahau's  Advanced  Guard .18mo,  1  60 

Permanent  Fortifications.  (Mercur.).8vo,  half  morocco,  7  50 

2 


<< 


Mercur'8  Attack  of  Fortified  Places l3ino,  92  00 

^     '      Elemento  of  the  Art  of  War 8vo,  4  00 

Metcalfe's  Ordnance  and  Gunnery 12mo,  with  Atlas,  5  00 

Phelps's  Practical  Marine  Surveying. 8vo,  2  50 

Powell's  Army  Officer's  Examiner 12mo,  4  00 

Reed's  Signal  Service 50 

Sharpe's  Subsisting  Armies 18mo,  morocco,  1  60 

Strauss  and  Alger's  Naval  Ordnance  and  Gunnery 

Todd  and  Whall's  Practical  Seamanship 8vo,  7  50 

Very's  Navies  of  the  World 8vo,  half  morocco,  8  50 

Wheeler's  Siege  Operations 8vo,  2  00 

Winthrop's  Abridgment  of  Military  Law 12mo,  2  50 

Woodhull's  Notes  on  Military  Hygiene 12mo,  morocco,  2  50 

Young's  Simple  Elements  of  Navigation..  12mo,  morocco  flaps,  2  50 

ASSAYING. 

Smeltino — Obe  Dressing — Ajllotb,  Etc. 

Fletcher's  Quant  Assaying  with  the  Blowpipe..  12mo,  morocco,  1  60 

Furman's  Practical  Assaying 8vo^  8  00 

Kuuhordt's  Ore  Dressing « 8vo,  1  50 

*  ^Utchell's  Practical  Assaying.    (Crookes.) 8vo,  10  00 

O'Driscoirs  Treatment  of  Gold  Ores 8vo,  2  00 

Ricketu  and  Miller's  Notes  on  Assaying 8vo,  8  00 

Thurston's  Alloys,  Brasses,  and  Bronzes ••  .8vo,  2  60 

Wilson's  Cyanide  Processes 12iiio,  1  60 

ASTRONOMY. 

Practical,  Theoretical,  and  Descriptive. 

Craig's  Azimuth 4to,  8  60 

Doolittle's  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo,  2  60 

Michie  and  Harlow's  Practical  Astronomy 8vo,  8  00 

White's  Theoretical  and  Descriptive  Astronomy 12mo,  2  00 

BOTANY. 

Gardening  foe  Ladies,  Etc. 

lialdwin's  Orchids  of  New  England 8vo,  fl  60 

Loudon's  Gardening  for  Ladies.    (Downing.) 12nio,  1  60 
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1  25 

Thoin6'8  Structural  Botany ISmo,    |2  25 

Westermaier's  Qeneral  Botany.    (Schneider.) 8yo,       2  00 

BRIDGES,  ROOFS,  Etc. 

Cantilever— Draw— Highway — Suspension. 
(See  aho  Enoineerino,  p.  6.) 

Boiler's  Highway  Bridges 8vo, 

*  "      The  Thames  River  Bridge 4to,  paper. 

Burr's  Stresses  in  Bridges. ...  8vo, 

Crehore's  Mechanics  of  the  Girder 8vo, 

Dredge's  Thames  Bridges 7  parts, 

Du  Bois*s  Stresses  in  Framed  Structures 4lo, 

Foster's  Wooden  Trestle  Bridges 4to, 

Greene's  Arches  in  Wood,  etc Svo, 

Bridge  Trusses Svo, 

Roof  Trusses Svo, 

Howe's  Treatise  on  Arches Svo^ 

Johnson's  Modern  Framed  Structures 4to,     10  00 

Merriman   &   Jacoby's    Text-book    of   Roofs    and    Bridges. 

PartL,  Stresses Svo,      2  50 

Merriman   &   Jacoby's    Text-book   of   Roofs    and    Bridges. 

Partn.,  Graphic  Statics Svo.      2  50 

Merriman   &    Jacoby's    Text-book   of   Roofs   and     Bridges. 

Part  in. .  Bridge  Design Svo,      5  OO 

Merriman   &  Jacoby's    Text- book    of    Roofs    and    Bridges. 

Part  ly.,  Continuous,  Draw,  Cantilever,  Suspension,  and 

Arched  Bridges. {In  preparation), 

*  Morison's  The  Memphis  Bridge Oblong  4to,    10  00 

Waddeirs  Iron  Highway  Bridges Svo,      4  00 

Wood's  Construction  of  Bridges  and  Roofs Svo,      2  00 

Wright's  Designing  of  Draw  Spans Svo,      2  50 

CHEMISTRY. 

Qualitative— Quantitative— Organic— Inorganic,  Etc. 

Adriance's  Laboratory  Calculations. 12mo,      1  25 

Allen's  Tables  for  Iron  Analysis Svo,      8  00 

Austen's  Notes  for  Chemical  Students 12mo,      1  50 

Bolton's  Student's  Guide  in  Quantitative  Analysis Svo,      1  50 
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Classen's  Analysis  by  Electrolysis.    (Herrick.) 8to,  $3  00 

OrafU's Qualitative  Analysis.     (Schaeffer.) 12mo,  1  50 

Drechsel's  Chemical  Reactions.   (Merrill.) 12mo,  1  25 

Fresenius's  Quantitative  Chemical  Analysis.   (Allen.  >. 8to,  6  00 

^    "         Qualitative  Chemical  Analysis.    (Johnson.) 8to,  4  00 

Gill's  Gas  and  Fuel  Analysis 12mo,  1  35 

Himmarsten's  Physiological  Chemistry.  (Mandel.) 8to,  4  00 

Helm's  Principles  of  Mathematical  Chemistry.   (Morgan).  ISmo,  1  50 

Eolbe's  Inorganic  Chemistry 12mo,  1  50 

Mandel's  Bio-chemical  Laboratory 12mo.  1  50 

Mason's  Water-supply 8to,  5  00 

Millers  Chemical  Physics 8to,  2  00 

Mixter's  Elementary  Text-book  of  Chemistry 12mo,  1  50 

Morgan's  The  Theory  of  Solutions  and  its  Results. 12mo.  1  00 

Nichols's  Water  Supply  (Chemical  and  Sanitary). 8to,  S  50 

O'Brine's  Laboratory  Guide  to  Chemical  Analysis. 8to,  2  00 

Perkins's  Qualitative  Analysis 12mo.  100 

Pinner's  Organic  Chemistry.    (Austen.) 12mo.  1  50 

Ricketts  and  Russell's  Xotes  on  Inorganic  Chemistry-  (Sim- 

metallic) Oblong  8to.  morocco,  75 

Schimpfs  Volumetric  Analysis 12mo,  2  50 

Spencer's  Sugar  3Ianufacturer's  Handbook.  12mo,  morocco  llapa,  2  00 

Stockbridge's  Rocks  and  Soils 8vo,  2  50 

Troilius's  Chemistry-  of  Iron 8vo.  2  00 

Wiechmann's  Chemical  Lecture  Notes 12iiio,  3  00 

••           Sugar  Analysis 8vo.  2  50 

Wulling*s  luorganic  Phar.  and  3Ied.  Chemistry 12mo,  2  00 

DRAWINa 

£lEM£3TABT — GEOXETBICAL— ToroGBAPHICAL. 

Hill's  Shades  and  Shadows  and  Perspectire 8vo.  2  00 

MacCord's  Descriptive  Greometry 8to,  3  00 

Kinematics Svo,  5  00 

Mechanical  Drawing Svo,  4  00 

MaiiAfi's  Industrial  Drawing.    (Thompson.). 2  vols.,  8vo,  3  50 

Reed's  Topc>graphical  DrawiDg.    (H.  A.;...; 4to.  5  00 

Smith's  Topographical  Draw  :n^'.     'Macmillan.) 8vo,  2  50 

Warren's  Descriptive  (Geometry  2  vola.,  8vo,  3  50 
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Warren's  Drafting  Instruments 12mo, 

"        Free-hand  Drawing   12mo, 

"       Higher  Linear  Perspective 8vo, 

"        Linear  Perspective 12mo, 

"       Machine  Construction 2  vols. ,  8vo, 

**       Plane  Problems , 12mo, 

*'       Primary  Geometry 12mo, 

"       Problems  and  Theorems 8vo, 

"       Projection  Drawing 12mo, 

*'       Shades  and  Shadows 8vo, 

••       Btereotomy— Stone  Cutting 8vo, 

Whelpley's  Letter  Engraving ...12mo, 

ELECTRICITY  AND  MAQNETI5M. 

Illumination— Battbbies—Phtbicb. 
Anthony  and  Brackett*s  Tex^book  of  Physics  (Magie).  . .  .8vo, 

Barker's  Deep-sea  Soundings 8vo, 

Benjamin's  Voltaic  Cell 8vo, 

Cosmic  Law  of  Thermal  Repulsion 18mo, 

Crehore  and  Squier's  Experiments  with  a  New  Polarizing  Photo- 

Chronograpb .8vo^      8  00 

*  Dredge's  Electric  Dluminations 2  vols.,  4to,  half  morocco,    25  00 

Vol.  n. 4to.     7  50 

Oilbert's  De  magnete.    (Mottelay.) 8vo,      2  50 

Holman's  Precision  of  Measurements 8vo,      2  00 

Michie's  Wave  Motion  Rehiting  to  Sound  and  Light 8vo,      4  00 

Morgan's,  The  Theory  of  Solutions  and  its  Results 12mo, 

Niaudet's  Electric  Batteries.    (Fishback.) 12mo,      2  50 

Reagan's  Steam  and  Electrical  Locomotives 13mo     2  00 

Thurston's  Stationary  Steam  Engines  for  l^ectric  Lifting  Pur- 
poses  12mo,      160 

Tillman's  Heat 8vo,      1  00 

ENQINEERINQ. 

Civil— Mkchanical— Sanitary,  Etc. 
{8es  aUo  Bridobs,  p.  4 ;  Hydraulics,  p.  8 ;  Materials  of  Eh- 

GINEBRINO,  p.  9  ;  MbCHANIOS  AND  MACHINERY,  p.  11  ;  StBAM  ENGINES 

AND  Boilers,  p.  14.) 

Baker's  Masonry  Construction 8yo,      5  00 
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Bftker's  Saireying  loatromento Iftno,  8  00 

BlMk'f  U.  a  Public  Works 4U).  t5  00 

ButtB's  £Dgineer*8  Field-book ISmo.  morocco^  3  SO 

Bjme's  Highway  ConstructioD 8to.  §  00 

CarpeDter's  Experimental  Engineering Ovo.  6  00 

Church's  Mechanics  of  Engineering — Solids  and  Flnids 8to,  6  00 

"       Notes  and  Examples  in  Mechanics 8vo^  2  00 

Crandall's  Earthwork  Tables   8vo.  1  50 

Crandall's  The  Transition  Cunre Idmo,  morocco,  1  50 

*  Dredge's  Penn.  Railroad  Construction,  etc  . .  Folia  half  mor.,  30  00 

*  Drinker's  Tunnelling 4to,  half  morocco,  35  00 

Eissler's  Explosives— Nitroglycerine  and  Dynamite Bvo,  4  00 

Gerhard's  Sanitary  House  Inspection lOmo,  1  00 

Godwin's Bailroad£ngineer'sField-book.l3mo.pocket-bk.  form,  3  50 

Gore's  Elements  of  Ooodesy 8to,  3  50 

Howard's  Transition  Cunre  Field-book.. . .  .13mo,  morocco  flap,  1  50 

Howe's  Retainhig  Walls  (New  Edition.) 13mo,  1  35 

Hudson's  Excaration  Tables.    Vol.  11 8to,  1  00 

Hutton's  Mechanical  Engineering  of  Power  Plants 8vo,  5  00 

Johnson's  3faterials  of  Construction 8to,  6  00 

Johnson's  Stadia  Beduction  Diagram.  .Sheet,  331  X  38i  uiches,  50 

"        Theory  and  Practice  of  Surveying. 8vo,  4  00 

Kent's  Mechanical  Engineer's  Pocket-book 18mo,  morocco,  5  00 

Kiersted's  Sewage  Disposal 13mo,  135 

Kirkwood's  Lead  Pipe  for  Service  Pipe 8vo,  1  50 

Mahan's  Civil  Enghieering.     (Wood.) 8vo,  5  00 

Merriman  and  Brook's  Handbook  for  Surveyors. . .  .13mo,  mor.,  3  00 

Merrinum's  Greodetic  Surveying 8vo,  3  00 

"         Retaining  Walls  and  Masonry  Dams 8vo,  3  00 

Mosely's  Mechanical  Engineering.    (Maban.) 8vo,  5  00 

Nagle's  Manual  for  Railroad  Engineers 13mo,  morocco, 

Patton's  Civil  Engineering .8vo,  7  50 

Foundations 8vo,  5  00 

Rockwell's  Roads  and  Pavements  in  France 13mo,  1  35 

Rulfner's  Non-tidal  Rivers 8vo,  135 

Searles's  Field  Engineering 13mo,  morocco  flaps,  8  00 

Searles's  Railroad  Spiral 13mo,  morocco  flaps.  1  50 
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Siebert  and  Biggin's  Modeni  Stone  Cutting  and  Masoniy. .  .8yo,  1  5^ 

Smitb'8  Cable  Tramways .4to,  92  50 

s^  •*      "Wire  Manufacture  and  Uses 4to,  8  00 

8palding*8  Roads  and  Pavements ISmo,  2  00 

"         Hydraulic  Cement 12mo, 

Tburston*s  Materials  of  Construction 8to,  5  00 

*  Trautwine's  Civil  Engineer's  Pocket-book.  ..12mo^  mor.  flaps,  6  00 

*  '*          Cross-section Sheet,  26 

*  * '          Excavations  and  Embankments 8vo,  2  00 

*  "          Laying  Out  Curves 12mo,  morocco,  2  50 

Warren's  Stereotomy— Stone  Cutting 8vo,  2  60 

Webb's  Engineering  Instruments 12mo,  morocco,  1  00 

Wegmann's  Construction  of  Masonry  Dams 4to,  6  00 

Wellington's  Location  of  Railways 8vo,  6  00 

Wheeler's  Civil  Engineering 8vo,  4  00 

Wolff's  Windmill  as  a  Pi-ime  Mover 8vo,  8  00 

HYDRAULICS. 

Water- WHEELS— Windmills — Service  Pipe— Dbainaqb,  Bto, 

(See  also  Engineering,  p.  6.) 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein 

(Traulwine) 8vo,  2  00 

Bovey's  Treatise  on  Hydraulics ^ 8vo,  4  00 

CoflSu's  Graphical  Solution  of  Hydmulic  Problema  12mo,  mor.,  2  50 

FeiTcl's  Ti-eatise  on  the  Winds,-  Cyclones,  and  Tornadoes. .  .8vo,  4  00 

Ganguillet&Kutter's  Flow  of  Water.  (Herlng&Trautwinc  ).8vo,  4  00 

Hazen's  Filtration  of  Public  Water  Supply 8vo,  2  00 

Kiersted's  Sewage  Disposal 12mo,  1  26 

Kirkwood'fl  Lead  Pipe  for  Service  Pipe 8vo,  1  50 

Mason's  Water  Supply 8vo,  6  00 

Merriman'a  Treatise  on  Hydraulics 8vo,  4  00 

Kichols's  Water  Supply  (Chemical  and  Sanitary) 8vo,  2  50 

Ruffner's  Improvement  for  Non-tidal  Rivers. . . . ... .  ....  .8vo,  1  26 

Wegmaun's  Water  Supply  of  the  City  of  New  York 4to,  10  00 

Welsbach's  Hydraulics.    (Du  Bois.) 8vo,  5  00 

Wilson's  Irrigation  Engineering. ...  8vo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover Svo,  8  00 

Wood's  Theory  of  Turbines Svo.  2  50 
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MANUFACTURES. 


WooLUEKSk  Etc. 

Alleo*s  Tables  for  Iron  Analysis 8t<^  $3  00 

Beanmonfs  Woollen  and  Worsted  Manufacture 12ino»  1  SO 

Holland's  Encyclopfledla  of  Founding  Tenns Idmo,  8  00 

The  Iron  Founder 12mo.  2  50 

Supplement lanno,  2  50 

Booth's  Clock  and  Watch  Maker's  Manual 12mo,  2  00 

BouTier's  Handbook  on  Oil  Painting 12mo,  2  00 

£iaBler*8  Explodres,  Nitrogljcerine  and  Dynamite Bro,  A  00 

Ford's  Boiler  Making  for  Boiler  Makers 18mo.  1  00 

Metcalfe's  Cost  of  Manufactures 8to»  5  00 

Metcalf's  Steel— A  M&nual  for  Steel  Usen. 12iiio.  2  00 

Reimann's  Aniline  Colors.    (Crookes.) 8to,  2  50 

*  Reisig's  Guide  to  Piece  Dyeing 8vo.  25  00 

Spencer's  Sugar  Manufacturer's  Ebmdbook. . .  .121110,  mor.  flap,  2  00 

Svedelius's  Handbook  for  Charcoal  Burners 12ido,  1  50 

The  Lathe  and  lU  Uses 8vo.  6  00 

Thurston's  Manual  of  Steam  Boilers 8to,  5  00 

West's  American  Foundry  Practice 12mo,  2  50 

••      Moulder's  Text-book 12mo,  2  50 

Wiechmann's  Sugar  Analysis 8to,  2  50 

Woodbury's  Fire  Protection  of  Mills Sn^  2  50 

MATERIALS  QF  ENQINEElUNa 

Stresoth— £LA8TicrrT-~RiaiBrA»CK,  Etc. 

{See  aUo  £xoixxebibo»  p.  0.) 

Baker's  Masonry  Construction 8to.  5  00 

Beardslee  and  Kent's  Strength  of  Wrought  Iron 8to,  1  50 

Bovey's  Strength  of  Materials 8to,  7  50 

Burrs  Elasticity  and  Resistmnce  of  Materials. 8to,  5  00 

Byrne's  Highway  Construction 8to,  5  00 

Carpenter's  Testing  Machines  and  Methods  of  Teatlog  Materials 

Church's  Mechanic's  of  Engineering— Solids  and  Fhdda . . . .8to,  6  00 

Du  Bols's  Stresses  in  Framed  Structures 4to.  10  00 

Hatfield's  Transverse  Strains 8to^  5  00 

Johnson's  Materials  of  Construction 8vo,  $00 
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Lanza's  Applied  Mechanics 8vo, 

"       Strength  of  Wooden  Oolamns .9va,  paper, 

Merrill's  Stones  for  Building  and  Decoration 8vo, 

Merriman's  Mechanics  of  Materials 8vo, 

Pattou's  Treatise  on  Foundations Bvo, 

Rockwell's  Roads  and  Pavements  In  France 12mo, 

Spalding's  Roads  and  Pavements 12mo, 

"         Hydraulic  Cem«nt • • 12mo, 

Thurston's  Materials  of  Construction 8vo, 

Thurston's  Materials  of  Engineering 8  vols.,  8vo, 

Vol.  I.,  Non-metallic Svo, 

Vol.  IT.,  Iron  and  Steel Svo, 

Vol.  ni.,  Alloys,  Brasses,  and  Bronzes 8vo, 

Weyrauch's  Strength  of  Iron  and  Steel.    (Du  Bois.) 8vo, 

Wood's  Resistance  of  Materials 8vo» 

MATHEMATICS. 
Calcxjlub—Geombtky— Trigonometrt,  Etc. 

Baker's  Elliptic  Functions 8vo, 

Ballard's  Pyramid  Problem  8vo. 

Barnard's  Pyramid  Problem 8vo, 

Bass's  Differential  Calculus 12mo, 

Brigg's  Plane  Analytical  Qeometry 12mo, 

Cbapnuui*s  Theory  of  Equations 12mo, 

Chessin's  Elements  of  the  Theory  of  Functions 

Compton's  Logarithmic  Computations 12mo, 

Craig's  Linear  Differential  Equations 8vo, 

Davis's  Introduction  to  the  Log^c  of  Algebra 8vo, 

Halsted's  Elements  of  Geometry ...8vo, 

"       Synthetic  Geometry 8vo, 

Johnson's  Curve  Tracing 12mo, 

Differential  Equations— Ordinary  and  Partial 8vo, 

Integral  Calculus 12mo, 

Least  Squares 12mo. 

Ludlow's  Logarithmic  and  Other  Tables.    (Bass.) 8vo, 

••        Trigonometry  with  Tables.    (Bass.) 8vo, 

Mahan's  Descriptive  Geometry  (Stone  Cutting) 8vo. 

Merriman  and  Woodward's  Higher  Mathematics 8vo, 

Merriman's  Method  of  Least  Squares 8vo, 
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Parkers  Quadnture  of  the  Circle Svo,  |d  50 

Rice  and  Johnson's  Differential  and  Integral  Calculus, 

3  vols,  in  1. 12mo,  8  50 

"                Differential  Calculus 8to,  8  50 

'*                Abridgmcntof  Differential  Calculus.... 8yo,  150 

Searles's  Elements  of  Geometry!  8vo,  1  50 

Totten's  Metrology 8to,  2  50 

Warren's  Descriptive  G^metry 3  toIs.,  8vo,  8  50 

DraftiDg  Instruments. 13mo,  1  35 

Free-hand  Drawiug 12mo,  100 

Higher  Linear  Perspective Svo,  8  50 

Linear  Perspective 13mo,  1  00 

Primary  Qeometry 13mo,  75 

Plaue  Problems 13mo,  1  35 

"        Plane  Problems 13mo,  1  35 

"       Problems  and  Theorems 8vo,  3  50 

Projection  Drawing 12mo,  1  50 

Wood's  Coordinate  Geometry Svo,  3  00 

"      Trigonometry 13mo.  100 

Woolfs  Descriptive  Geometry Royal  8vo,  3  00 

MECHANICS-MACHINERY. 

Tkxt-books  Aim  Practical  Wobxs. 

{See  aleo  EHOUfKBRZHQ,  p.  0.) 

Baldwin's  Steam  Heatiug  for  Buildings. 13mo,  3  50 

Benjamin's  Wriukles  and  Recipes 13mo,  3  00 

Carpenter's  Testing  Machines  and  Methods  of  Testing 

Materials 8to, 

Chordal's  Letters  to  Mechanics 13mo,  3  00 

Church's  Mechanics  of  Engineering 8vo,  6  00 

"       Notes  and  Examples  in  Mechanics 8vo,  3  00 

Crehore's  Mechanics  of  the  Girder 8vo,  5  00 

Cromwell's  BelU  and  Pulleys 13mo,  1  50 

'«         Toothed  Gearing 13mo.  1  50 

Compton's  First  Lessons  in  Metal  Working 13mo,  1  50 

Dana's  Elementary  Mecluinics 13mo,  1  50 

Dingey's  Machinery  Pattern  Making 13mo,  3  00 
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Dredge's     Trans.    Exhibits    Building,     World    Exposition, 

4U},  half  morocco,|15  00 

Du  Bois's  Mechanics.    Vol.  I.,  Kinematics 8yo,  8  50 

Vol.11..  Statics 8vo,  4  00 

Vol.  m.,  KineUcs 8vo,  8  60 

Fitzgerald's  Boston  Machinist r 18mo,  1  00 

Flather's  Dynamometers 12mo,  2  00 

Rope  Driving 12mo,  2  00 

Hall's  Car  Lubrication 12mo,  1  00 

Holly's  Saw  Filing 18mo,  76 

Lanza's  Applied  Mechanics 8vo,  7  60 

MacCord's  Kinematics 8to,  5  00 

Merriman's  Mechanics  of  Materials Bvo,  4  00 

Metcalfe's  Cost  of  Manufactures 8to,  6  00 

Michie's  Analytical  Mechanics 8to,  4  00 

Mosely's  Mechanical  Engineering.    (Mahan.) 8vo,  6  00 

Richards's  Comprossed  Air 12mo,  1  50 

Robinson's  Principles  of  Mechanism ...  8vo,  8  00 

Smith's  Press-working  of  Metals 8vo,  8  00 

The  Lathe  and  lU  Uses 8vo,  6  00 

Thurston's  Friction  and  Lost  "Work 8vo,  8  00 

*'        The  Animal  as  a  Machine 12mo,  1  00 

Warren 's  Machine  Construction 2  vols. ,  8vo,  7  60 

Weisbach's  Hydraulics  and  Hydraulic  Motors.    (Du  Bois.)..8vo,  5  00 
*'         Mechanics   of  Engineering.     Vol.  III.,  Part  L, 

Sec.  L    (Klehi;) 8vo.  6  00 

Weisbach's  Mechanics    of  Engineering.    Vol.  III.,  Part  I., 

SecIL    (Klein.) ....8vo,  5  00 

Weisbach's  Steam  Engines.    (Du  Bois.) 8vo,  5  00 

Wood's  Analytical  Mechanics 8vo,  8  00 

Elementary  Mechanics l!^o,  1  25 

Supplement  and  Key 1  25 
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METALLURQY. 

Iron— Gold— SiLYKR— Allots.  Etc. 

Allen's  Tables  for  Iron  Analysis '..... 8to,      8  00 

Eglcston's  Gold  and  Mercury 8to,      7  60 
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Egleston's  Metallurgy  of  Silver 8vo,  |7  50 

*  Eerl's  Metallnigy— Ck^per  and  Iron 8to,  15  00 

•  •'          *•              Steel,  Pud.  etc 8vo,  15  00 

Eunhardt's  Ore  Dressing  in  Europe. 9yo,  1  50 

Metcalf  Steel— A  Manual  for  Steel  Users 12mo,  2  00 

O'Driscoll's  Treatment  of  Gold  Ores 8to,  2  00 

Thurston's  Iron  and  Steel 8to,  8  50 

Alloys 8vo,  2  50 

Wilson's  Cyanide  Processes 12mo,  1  60 

MINERALOGY  AND  MINING. 

Mike  Accidents — Ventilation — Okb  Drkssino,  Etc. 

Beard*8  VentilaUon  of  Mines 12ino,  2  50 

Boyd's  Resources  of  South  Western  Virginia 8vo,  3  00 

"      Map  of  South  Western  Virginia Pocket-book  form,  2  00 

Brush  and  Penfield's  Determinative  Mineralogy 8vo,  8  50 

Chester's  Catalogue  of  Minerals 8vo,  1  25 

Dictionary  of  the  Names  of  Minerals 8vo,  8  00 

Dana's  American  Localities  of  Minerals 8vo,  1  00 

Descriptive  Mineralogy.    (£.  S.) 8to,  half  morocco,  12  50 

Mineralogy  and  Petrography.     (J.  D.) 12mo.  2  00 

Minerals  and  How  to  Study  Them.     (£.  S.) 12mo,  1  50 

Text-hook  of  Mineralogy.    (E.  8.) 8vo,  3  50 

'Drinker's  Tunnelling,  Explosives,  Compounds,  and  Hock  Drills. 

4to,  half  morocco,  25  00 

Egleston's  Catalogue  of  Minerals  and  Synonyms 8vo,  2  50 

Eissler's  Explosives — ^Nitroglycerine  and  Dynamite 8vo,  4  00 

CkxKlyear's  Coal  Mines  of  the  Western  Coast 12mo,  2  50 

Hussak's  Rock- forming  Minerals.    (Smith.) 8vo,  2  00 

Ihlseng's  Manual  of  Mining 8vo,  4  00 

Kunhardt's  Ore  Dressing  in  Europe 8vo,  1  50 

ODriscolVs  Treatment  of  Gold  Ores 8vo,  2  00 

Rosenbusch's    Microscopical    Physiography  of   Minerals    and 

Rocks.     (Iddiugs.) 8vo,  5  00 

Sawyer's  Accidents  in  Mines 8vo,  7  00 

Slockbridge's  Rocks  and  Soils 8vo,  2  50 
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Williams's  Lithology 8yo,  |8  UO 

Wilson's  Mine  Ventilation 16mo,  1  25 

STEAM  AND  ELECTRICAL  ENGINES,  BOILERS,  Etc 

Stationakt— Marine— LocoMOTivB— Gas  Enotneb,  Etc. 

{See  also  Enoinsering,  p.  6.) 

Baldwin's  Steam  Heating  for  Buildings 12mo,  2  50 

Clerk's  Gas  Engine 12mo,  4  00 

Ford's  Boiler  Making  for  Boiler  Makers 18mo,  1  00 

Hemenway's  Indicator  Practice 12m0i  2  00 

Hoadley's  Warm-blast  Furnace 8vo,  1  50 

Kneass's  Practice  and  Theory  of  the  Injector 8to,  1  50 

MacCord's  Slide  Valve 8vo, 

*Maw's  Marine  Engines Folio,  half  morocco,  18  00 

Meyer's  Modem  Locomotive  Construction 4to.  10  00 

Peabody  and  Miller's  Steam  Boilers . .  .dvo, 

Peabody's  Tables  of  Saturated  Steam 8vo,  1  00 

Thermodynamics  of  the  Steam  Engine 8vo.  5  00 

Valve  Gears  for  the  SteamEngine 8vo,  2  50 

Pray's  Twenty  Tears  with  the  Indicator Royal  8vo,  2  50 

Pupin  and  Osterberg's  Thermodynamics 12mo,  1  25 

Reagan's  Steam  and  Electrical  Locomotives 12mo,  2  00 

ROntgen's  Thermodynamics.    (Du  Bois. ) 8vo«  5  00 

Sinclair's  Locomotive  Running 12mo,  2  00 

Thurston's  Boiler  Explosion 12mo,  150 

Engine  and  Boiler  Trials 8vo.  5  00 

Manual  of  the  Steam  Engine.     Port  I.,  Structure 

and  Theory 8vo,  7  50 

Manual  of  the  Steam  Engine.     Part  II.,  Design, 

Construction,  and  Operation 8vo,  7  60  - 

2  paru,  12  00 

**          Philosophy  of  the  Steam  Engine 12mo,  75 

**  Reflection  on  the  Motive  Power  of  Heal.    (Caruot.) 

12mo,  2  00 

"          Stationary  Steam  Engines 12mo,  1  50 

'*          Steam-boiler  Construction  and  Operation 8vo,  5  00 
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Spnngiers  Valve  Gears 8vo,  |d  50 

Trowbridge's  Stationary  Steam  Engines 4to,  boards,  2  50 

Weisbacli's  Steam  Engine.    (Du  Bois.) 8to,  5  00 

Wbitbam's  Constructive  Steam  Engineering 8vo,  10  00 

^  "          Steam-engine  Design 8vo,  6  00 

Wilson's  Steam  Boilers.    (Flntber.) 12rao,  2  50 

Wood's  Thermodynamics,  Heat  Motors,  etc. 8vo,  4  00 

TABLES,  WEIGHTS.  AND  MEASURES. 

For  Actuaries,  Chsmists,  Engineers,  Mechanics— Metric 

Tables,  Etc. 

Adriance's  Laboratory  Calculations 13mo,  1  25 

Allen's  Tables  for  Iron  Analysis 8vo,  8  00 

Bixby 's  Graphical  Computing  Tables Sheet,  25 

Compton*s  Logarithms 12mo,  1  50 

Crandnll's  Railway  and  Earthwork  Tables 8vo,  1  50 

Egleston's  Weights  and  Measures 18mo,  75 

Fisher's  Table  of  Cubic  Yards Cardboard,  25 

Hudson's  Excavation  Tables.    Vol.  II 8vo,  1  00 

Johnson's  Stadia  and  Earthwork  Tables 8vo,  1  25 

Ludlow's  Logarithmic  and  Other  Tables.    (Bass.) 12mo,  2  00 

Thurston's  Conversion  Tables 8vo,  1  00 

Totten's  Metrology 8vo,  2  50 

VENTILATION. 

Steam  Heating — House  Inspection — Mine  Ventilation. 

Baldwin's  Steam  Heating 12mo,  2  50 

Beard's  Ventilation  of  Mines. 12mo,  2  50 

Carpenter's  Heating  and  Ventilating  of  Buildings 8vo,  8  00 

Gerhard's  Sanitary  House  Inspection Square  16mo,  1  00 

Mott's  The  Air  We  Breathe,  and  Ventilation 16mo,  1  00 

Heid's  Ventilation  of  American  Dwellings 12mo»  1  50 

Wilson's  Mine  Ventilation 16mo,  1  25 

niSCELLANEOUS  PUBLICATIONS. 

Alcott's  Gems,  Sentiment,  Lan^^^uage Gilt  edges,  5  00 

Bailey's  The  New  Tale  of  a  Tub 8vo,  75 
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Ballard's  Solution  of  the  Pyramid  Problem 8yo.  fl  50 

Barnard's  The  Metrologlcal  System  of  the  Great  Pynunid.  .8to,  1  50 

Emmon's  (Geological  Quide-book  of  the  Becky  Mountains.  .8vo,  ,  1  50 

Ferrel's  Treatise  on  the  Winds Bto,  4  00 

Mott's  The  Fallacy  of  the  Present  Theory  of  Sound.  .Sq.  16mo.  1  00 

Perkins's  Cornell  University ObloDg4to,  1  50 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute Bvo,  8  00 

Rothorham's   The  New   Testament   Critically  Emphathized. 

12mo,  1  50 

Totten's  An  Important  Question  in  Metrology 8vo,  3  50 

Whitehouse's  Lake  Mceris Paper,  25 

*  Wiley's  Tosemite,  Alaska,  and  Yellowstone 4to,  8  00 

HEBREW  AND  CHALDEE  TEXT-BOOKS. 

For  Schools  and  THBOLOGiCAii  Seminabies. 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  Old  Testament. 

(Tregelles.). Small  4to,  half  morocco,  5  00 

Green's  Elementary  Hebrew  Grammar ldmo»  1  25 

Grammar  of  the  Hebrew  Language  (New  Edition ).8vo,  /,  8  00 

Hebrew  Chrestomathy 8yo^  2  00 

Letteris's  Hebrew  Bible  (Massoretic  Notes  in  English). 

Svo,  arabesque,  2  25 
Luzzato's  Grammar  of  the  Biblical  Chaldaic  Language  and  the 

Talmud  Babli  Idioms l2mo,  1  50 

MEDICAL. 

Bull's  Maternal  Management  in  Health  and  Disease 12mo,  1  00 

Hammarsten's  Physiological  Chemistry.  (Maudel.) 8vo,  4  00 

Mott's  Composition,  Digestibility,  and  Nutritive  Value  of  Food, 

Large  mounted  chart,  1  25 

Steel's  Treatise  on  the  Diseases  of  the  Ox 8yo,  6  00 

'*      Treatise  on  the  Diseases  of  t)ie  Dog 8vo,  3  50 ' 

Worcester's  Small  Hospiitals — Establishment  and  Maintenance, 
including  Atkinson's  Suggestions  for   Hospital  Archi- 

tecture » 12mo,  1  25 
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